************* stn Columbus ****** 
********* 

FILE MEDLINE' 
FILE 'JAPia 
FILE MIOSIS' 
FILE 'SCISEARCH 
FILE WPIDS' 
FILE CAPLUS' 
FILE 'EMBASE' 
-> s calcium channel^ 

LI 1 4 1 663 CALCIUM CHANNEL # 

=> s 11 and (t-type or t type) 

5 FILES SEARCHED... 
L2 3515 LI AND (T-TYPE OR T TYPE) 

=> s 12 and (alpha- 1 or alpha 1 or alpha 1) 

5 FILES SEARCHED... 

6 FILES SEARCHED... 

L3 2 1 6 L2 AND (ALPHA- 1 OR ALPHA 1 OR 
ALPHA 1) 

=> s 13 and (agonist# or antagonist^) 

L4 5 1 L3 AND (AGONIST# OR 
ANTAGONISTS) 

=> dup rem 14 

PROCESSING COMPLETED FOR L4 

L5 2 1 DUP REM L4 (30 DUPLICATES 

REMOVED) 

=> dup rem 13 

PROCESSING COMPLETED FOR L3 

L6 104 DUP REM L3 (1 12 DUPLICATES 

REMOVED) 

=>d!5cit ibibabs 1-21 

=>d!5 ibibabs 1-21 
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DERWENT INFORMATION LTD 
ACCESSION NUMBER: 2000-271475 [23] 
WPIDS 

DOC. NO. CPI: C2000-082967 

TITLE: Novel nucleic acids encoding 

pancreatic ***7++* - 

♦♦♦type*** ♦♦♦calcium*** 
♦♦♦channels^* used 

for regulation of ***T*** - 

***type*** 

♦♦♦calcium*** ***channels*** and 
treatment of type 

II diabetes. 
DERWENT CLASS: B04 D16 
INVENTORY): LI, M 
PATENT ASSIGNEE(S): (SALA-N) SOUTH 
ALABAMA MEDICAL SCI FOUND 
COUNTRY COUNT: 83 
PATENT INFORMATION: 

PATENT NO KIND DATE WEEK LA PG 



WO 2000015845 Al 20000323 (200023)* EN 124 
RW: AT BE CH C Y DE DK EA ES FI FR GB 
GH GM GR IE IT KE LS LUMCMWNL 
OAPT SD SE SL SZUGZW 
W: AL AMATAUAZBABB BG BR BY CA 
CH CN CU CZ DE DK EE ES FI GB GD 

GE GH GM HR HU ID EL IN IS JP KE KG KP 
KR KZ LC LK LR LS LT LU LV 

MDMGMKMN MW MX NO NZ PL PT RO 
RU SD SE SG SI SK SL TJ TM TR TT 
UA UG UZ VN YU ZW 
AU 99602 1 7 A 20000403 (200034) 

APPLICATION DETAILS: 

PATENT NO KIND APPLICATION 
DATE 



WO 200001 5845 Al WO 1 999-US 1 9675 
19990826 

AU 9960217 A AU 1999-60217 
19990826 

FILING DETAILS: 

PATENT NO KIND PATENT NO 



AU 9960217 A Based on WO 200015845 

PRIORITY APPLN. INFO: US 1999-1 17399 
19990127; US 1998-98004 

19980826 
AN 2000-271475 [23] WPIDS 
AB WO 200015845 A UPAB: 20000516 

NOVELTY - An isolated pancreatic ***T*** - 
***typ e *** 

♦♦♦calcium*** ***channel*** (I) is new. 
DETAILED DESCRIPTION - INDEPENDENT 
CLAIMS are also included for the 
following: 

(1) an isolated nucleic acid molecule (NAM) (II) 
encoding (I); 

(2) an antisense NAM (III) complementary to 

(II); 

(3) a cell comprising (III); 

(4) an expression vector comprising (III); 

(5) a method (A) of decreasing expression of a (I) 
in a host cell; 

(6) a ribozyme (IV) having a recognition 
sequence complementary to a 

portion of (II); 

(7) a cell comprising (IV); 

(8) an expression vector comprising (IV); 

(9) a cell comprising (II); 

(1 0) an expression vector comprising (II); 

(1 1) a method (B) of increasing expression of (II) 
in a host cell, 

comprising introducing (I) into the cell; 

(12) a method (C) of screening a substance for 
the ability to modify 

the function of (I); 

(13) a method (D) of obtaining DNA encoding 

(II) 

(14) a DNA oligomer capable of hybridizing to 

(i); 

( 1 5) a method (E) of detecting presence of a 
pancreatic ***T*** - 

♦♦♦type*** ***calcium* + * ***channel*** 
in a sample, 

(16) an antibody (V) specific for (II); and 

(17) a method of detecting the presence of (I) in a 
sample, 

comprising contacting the sample with (V) and 
detecting the complex 
formed. 

ACTIVITY - antidiabetic. 

MECHANISM OF ACTION - The polypeptide 

functions as a pancreatic 

***-p*«* _ *** t yp e *** *** ca j c i urn *** 

♦•♦channel*** . 

USE - The pancreatic ***T*** - ***type*** 
♦♦♦calcium*** 

* * *channel * ♦ ♦ polynucleotides and polypeptides 
are used for treating 

diseases associated with abnormal expression or 
function of ***T*** - 

***type*** ***calcium*** ***channels*** 
, They are especially 

used for treating type II diabetes (claimed). They are 
used in methods for 

modifying insulin secretion by pancreatic beta cells, 
for modifying basal 

calcium levels in cells, for modifying the action of 
potential L type 

♦♦♦calcium*** ***channels*** in cells, for 
modifying pancreatic cell 

death, for modifying pancreatic beta cell 
proliferation, and for modifying 

calcium influx through L type ***calcium** + 
** ♦channels*** in 

cells (all claimed). The polypeptides are used to 
produce antibodies, 

which can be used in assays to identify cells or 
tissues which express 

pancreatic ♦♦♦T*** - ***type*** 
♦♦♦calcium*** ***channels*** 

, or for detecting pancreatic * * *T * * * - 



♦♦♦type*** ***calcium*** 

* * *channels * * * in samples. Antisense sequences 
and ribozymes can be used 

to decrease expression of pancreatic * * ^T + * * - 
♦♦♦type*** 

♦•♦calcium*** ♦♦♦channels^** . Inhibitors 
and ♦♦♦antagonists*** 

(identified using the polypeptides of the invention) 
can be used to 

decrease the activity of pancreatic ***T*** - 
♦♦*type*** 

♦♦♦calcium*** ***channels*** . 
ADVANTAGE - No stated advantage given in 
the specification. 

DESCRIPTION OF DRAWINGS) - The figure 
is a schematic illustration 

representing the partial rat genomic nucleotide 
composition between 

domains III and IV. Genomic DNA contained an 
exon specific to alpha 1G 

(shaded circle) and an exon specific to the 
♦♦♦alpha*** ***i*** 

subunitof ***T*** - ***type*** Ca2+ 
deducedfrom INS-1 (shaded 

rectangle). Other exons (open rectangles) are 
identical between the two 

cDNAs. The bold letters indicate the nucleotide 
coding Gly 1667. 

Dwg.lb/25 
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BIOSIS DUPLICATE 1 

ACCESSION NUMBER: 2000:447682 BIOSIS 

DOCUMENT NUMBER: PREV200000447682 

TITLE: Influence of ***T*« - ♦♦*type + * + 

Ca2+ (mibefradil) 

and CI- (indanyloxyacetic acid 94) channel 
♦♦♦antagonists^^ on •♦♦alphal*** 

-adrenoceptor 

mediated contractions in rat aorta. 

AUTHOR(S); Duggan, Jennifer A. ; Tabrizchi, 

Reza(l) 

CORPORATE SOURCE: ( 1 ) Division of Basic 
Medical Sciences, Faculty of 

Medicine, Memorial University of 
Newfoundland, Saint 

John's, NF, A1B3V6 USA 
SOURCE: Canadian Journal of Physiology and 

Pharmacology, 

(September, 2000) Vol. 78, No. 9, pp. 
714-720. print. 

ISSN: 0008-4212. 
DOCUMENT TYPE : Article 
LANGUAGE: English 
SUMMARY LANGUAGE: English; French 
AB The effects of the ***T*** - ***type*** and 
L-type Ca2+ channel 

* * *antagonists * * * , mibefradil and nifedipine, 
respectively, and those of 

a CI- channel ***antagonist*** , indanyloxyacetic 
acid 94, on 

mechanical responses elicited by selective activation 
of ♦♦♦alphal*** 

-adrenoceptors using cirazoline were examined in rat 
isolated aortic 

rings. The presence of mibefradil (300 nM), 
indanyloxyacetic acid, 94 (30 

muM) and nifedipine (300 nM) alone inhibited 
mechanical responses elicited 

by cirazoline. The concentration-response curves to 
cirazoline were 

displaced to the right with significant increases in the 
EC50 and 

significant depressions of the maximal responses in 
the presence of the 

individual agents mibefradil, indanyloxyacetic acid 
94, or nifedipine. A 

combination of mibefradil and indanyloxyacetic acid 
94 further inhibited 

the mechanical activity produced by cirazoline. The 
further reduction in 

the maximal response to cirazoline, in the presence 
of mibefradil and 

nifedipine, was insignificant when compared with 
the effects of nifedipine 

alone. In addition, maximal mechanical responses 
produced by cirazoline 

were not significantly affected by a combination of . 
nifedipine and 



indanyloxyacetic acid 94 when compared with either 
nifedipine alone or 

mibefradil and indanyloxyacetic acid 94 combined. 
Our current findings 

indicate that mibefradil, indanyloxyacetic acid 94, 
and nifedipine can 

inhibit cirazoline-induced contractions to a varying 
degree. Moreover, 

based on our present data it would be reasonable to 
suggest that the 

contribution of *++T*** - ♦♦♦type*** versus 
L-type Ca2+ channels to 

contractile responses obtained with cirazoline are 
approximately 21% and 

35%, respectively, of the Emax. It would appear that 
L-type Ca2+ channels 

play a greater role in processes that are involved in 
excitation- 
contraction coupling subsequent to stimulation of 
*+*alphal**+ 

-adrenoceptors. In addition, CI- channels also appear 
to be involved in 

the process of contraction following ***alphal **♦ 
-adrenoceptor 

activation. 

L5 ANSWER 3 OF 21 EMBASE COPYRIGHT 
2001 ELSEVIER SCI. B.V. 
ACCESSION NUMBER: 2000352205 EMBASE 
TITLE: Mibefradil block of cloned ♦♦♦T*** 

- *+*type*+* 

♦♦♦calcium*** ***channels*** , 
AUTHOR: Martin R.L.; Lee J.-R; Cribbs L.L.; 

Perez-Reyes E.; Hanck 

D.A. 

CORPORATE SOURCE: Dr. D.A. Hanck, Cardiology 
(MC6094), University of Chicago, 

5841 South Maryland Ave., Chicago, H 
60637, United States. 

d-hanck@uchicago.edu 
SOURCE: Journal of Pharmacology and 

Experimental Therapeutics, 

(2000) 295/1 (302-308). 

Refs: 34 

ISSN: 0022-3565 CODEN: JPETAB 
COUNTRY: United States 
DOCUMENT TYPE: Journal; Article 
FILE SEGMENT: 030 Pharmacology 

037 Drug Literature Index 
LANGUAGE: English 
SUMMARY LANGUAGE: English 
AB Mibefradil is a tetralol derivative chemically 
distinct from other 

♦♦♦calcium*** ***channel*** 
* * *antagonists * * * . It is a very 

effective antihypertensive agent that is thought to 
achieve its action via 

a higher affinity block for low-voltage-activated (T) 
than for 

high-voltage-activated (L) ** * calcium* * * 
♦♦♦channels*** . Estimates 

of affinity using Ba2+ as the charge carrier have 
predicted a 10- to 

15 -fold preference of mibefradil for T channels over 
L channels. However, 

T channel IC50 values are reported to be .apprx. 1 
.mu.M, which is much 

higher than expected for clinical efficacy because 
relevant blood levels 

of this drug are .apprx. 50 nM. We compared the 
affinity for mibefradil of 

the newly cloned T channel isoforms, .alpha. 1 G, 
.alpha.lH, and .alpha.ll 

with an L channel, .alpha. 1C. In 10 mMBa2+ 
mibefradil blocked in the 

micromoiar range and with 1 2- to 1 3-fold greater 
affinity for T channels 

than for L channels (.apprx. 1 .mu.M versus 
13/.mu.M). When 2 mM Ca2+ was 

used as the charge carrier, the drug was more 
efficacious; the IC50 for 

.alpha. 1 G shifted to 270 nM and for . ♦♦♦alpha*** 
♦♦♦]♦♦* H shifted 

to 140 nM, 4.5- and 9-fold higher affinity than in 10 
mM Ba. The data are 

consistent with the idea that mibefradil competes for 
its binding site on 

the channel with the permeant species and that Ba2+ 
is a more effective 



competitor than Ca2+. Raising temperature to 
35.degree.C reduced affinity 

(IC50 792 nM). Reducing channel availability to half 
increased affinity 

(.apprx. 70 nM). This profile of mibefradil affinity 
makes these channels 

good candidates for the physiological target of this 
antihypertensive 

agent. 

L5 ANSWER 4 OF 21 MEDLINE 
DUPLICATE 2 

ACCESSION NUMBER: 2000127580 MEDLINE 
DOCUMENT NUMBER: 20127580 
TITLE : Determinants of voltage-dependent 

inactivation affect 

Mibefradil block of ***calcium*** 
♦♦♦channels*** . 

AUTHOR: Jimenez C; Bourinet E; Leuranguer 

V; Richard S; Snutch T P; 
Nargeot J 

CORPORATE SOURCE: Institut de Genetique 
Humaine, CNRS UPR1142, Montpellier, 
France. 

SOURCE: NEUROPHARMACOLOGY, 
(2000)39(1)1-10. 

Journal code: NZB. ISSN: 0028-3908. 
PUB. COUNTRY: ENGLAND: United Kingdom 
Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 
ENTRY MONTH: 200004 
ENTRY WEEK: 20000404 
AB The voltage gated ♦♦♦calcium*** 
* * ♦channel * ♦ ♦ family is a maj or 

target for a range of therapeutic drugs. Mibefradil 
(Ro 40-5967) belongs 

to a new chemical class of these molecules which 
differs from other Ca2+ 

* * *antagonists* ♦ ♦ by its ability to potently block 
***T*** - 

* * *type* * * Ca2+ channels . However, this 
molecule has also been shown to 

inhibit other Ca2+ channel subtypes. To further 
analyze the mechanism 

governing the Ca2+ channel-Mibefradil interaction, 
we examined the effect 

of Mibefradil on various recombinant Ca2+ channels 
expressed in mammalian 

cells from their cloned cDNAs, using Ca2+ as the 
permeant ion at 

physiological concentration. Expression of alpha 1 A, 
alpha 1C, and alpha IE 

in tsA 201 cells resulted in Ca2+ currents with 
functional characteristics 

closely related to those of their native counterparts. 
Mibefradil blocked 

alpha 1 A and alpha IE with a Kd comparable to that 
reported for »+*T*** - 

* * ♦type* * ♦ channels, but had a lower affinity 
(approximately 30-fold) 

for alpha 1C. For each channel, inhibition by 
Mibefradil was consistent 

with high-affinity binding to the inactivated state. 
Modulation of the 

voltage-dependent inactivation properties by the 
nature of the coexpressed 

beta subunit or the ***alphal*** splice variant 
altered block at the 

Mibefradil receptor site. Therefore, we conclude that 
the tissue and 

sub-cellular localization of ♦♦♦calcium"* 
♦♦♦channel* *♦ subunits 

as well as their specific associations are essential 
parameters to 

understand the in vivo effects of Mibefradil. 

L5 ANSWER 5 OF 21 CAPLUS COPYRIGHT 
2001 ACS 

ACCESSION NUMBER: 1999:377851 CAPLUS 
DOCUMENT NUMBER: 131:29119 
TITLE: Low-voltage activated 

♦♦♦calcium*** 

* * ♦channel * * * proteins and cDNAs 
encoding them and 

the development of ***calcium*** 

••♦channel*** 

blockers 

INVENTOR(S): Williams, Mark; Stauderman, 



Kenneth; Harpold, Michael; 

Hans, Michael; Urrutia, Arturo; 
Washburn, Mark S. 

PATENT ASSIGNEE(S): Sibia Ncurosciences, 
Inc., USA 

SOURCE: PCT Int. Appl., 1 71 pp. 

CODEN: PIXXD2 
DOCUMENT TYPE: Patent 
LANGUAGE: English 
FAMILY ACC. NUM. COUNT: 1 
PATENT INFORMATION: 

PATENT NO. KIND DATE 
APPLICATION NO. DATE 



WO 9928342 A2 19990610 WO 

1998- US25671 19981203 

WO 9928342 A3 19990826 
W: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, Ca CN, CU, CZ, DE, 

DK. EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ED, JX, IS, JP, KE, 

KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MD, MG, MK, MN, MW, 

MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TR, 

TT, UA, UG, US, US, UZ, VN, YU, ZW, AM, 
AZ, BY, KG, KZ, MD, RU, 

TJ, TM 

RW: GH, GM, KE, LS, MW, SD, SZ, UG, ZW, 
AT, BE, CH. CY, DE, DK, ES, 

FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, 
BF, BJ, CF, CG, CI, 

CM, GA, GN, GW, ML, MR, NE, SN, TD, TG 
AU 9918026 Al 19990616 AU 

1999- 18026 19981203 

EP 1042468 A2 20001011 EP 
1998-962884 19981203 

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, 
LI, LU, NL, SE, PT, IE, 

SI, LT, LV, FI, RO 
PRIORITY APPLN. INFO. : US 
1997-984709 19971203 

US 1998-188932 19981110 
WO 1998-US25671 

19981203 

AB CDNAs for alternative splicing forms of the . 
♦♦♦alpha*** . ***1*** 

subunit of the ♦**T*** . ♦♦♦type*** or 
low-voltage activated 

♦♦♦calcium*** ***channel*** are cloned and 
characterized. ThecDNAs 

may be used in the development of systems for 
screening for effectors of 

the ♦♦♦calcium*** ♦♦♦channel*** for 
therapeutic use. Candidate 

clones were first generated by PCR using degenerate 
primers targeted 

against sequences encoding conserved regions of the 
protein. A series of 

overlapping cDNAs encoding two .alpha. 1H 
subtypes were obtained and 

full-length cDNAs constructed. The electrophysiol. 
and Pharmacol, of the 

channels was studied in Xenopus oocytes. 
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DUPLICATE 3 

ACCESSION NUMBER: 1999127945 MEDLINE 
DOCUMENT NUMBER: 99127945 
TITLE: Structure and functional 

characterization of a novel human 

low-voltage activated ***calcium* + * 
♦♦♦channel*** . 

AUTHOR: Williams M E; Washburn M S; 

Hans M; Urrutia A; Brust P F; 

Prodanovich P; Harpold M M; Stauderman 

KA 

CORPORATE SOURCE : SIBIA Neurosciences Inc. , 
La Joila, California 92037, USA. 
SOURCE: JOURNAL OF 

NEUROCHEMISTRY, (1999 Feb) 72 (2) 791-9. 

Journal code: JAV. ISSN: 0022-3042. 
PUB. COUNTRY: United States 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 
OTHER SOURCE: GENB ANK- AF073 93 1 



ENTRY MONTH: 199904 

AB We have isolated and characterized overlapping 

cDNAs encoding a novel, 

voltage-gated Ca2+ channel ***alphal *** 
subunit, alpha 1H, from a human 

medullary thyroid carcinoma cell line. The alphalH 
subunit is structurally 

similar to previously described ***alphal*** 
subunits. Northern blot 

analysis indicates that alpha 1H mRNA is expressed 
throughout the brain, 

primarily in the amygdala, caudate nucleus, and 
putamen, as well as in 

several nonneuronal tissues, with relatively high 
levels in the liver, 

kidney, and heart. Ba2+ currents recorded from 
human embryonic kidney 293 

cells transiently expressing alphalH activated at 
relatively 

hyperpolarized potentials (-50 mV), rapidly 
inactivated (tau = 1 7 ms), and 

slowly deactivated. Similar results were observed in 
Xenopus oocytes 

expressing alphalH. Single-channel measurements 
in human embryonic kidney 

293 cells revealed a single-channel conductance of 
approximately 9 pS. 

These channels are blocked by Ni2+ (IC50 = 6.6 
microM) and the ***T*** 

. ***type*** channel ♦♦♦antagonists*** 
mibefradil (approximately 

50% block at 1 microM) and amiloride (IC50 = 167 
microM). Thus, 

alphalH-containing channels exhibit biophysical and 
pharmacological 

properties characteristic of low voltage-activated, or 

***type*+* , Ca2+ channels. 
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BIOSIS DUPLICATE 4 
ACCESSION NUMBER: 2000:85729 BIOSIS 
DOCUMENT NUMBER: PREV200000085729 
TITLE: Determinants of voltage-dependent 

inactivation affect 

Mibefradil block of * * ♦calcium ♦ * * 
♦♦♦channels*** . 

AUTHOR(S): Jimenez, Cristina; Bourinet, 
Emmanuel; Leuranguer, Valerie; 

Richard, Sylvain, Snutch, Terry P.; 
Nargeot, Joel (1) 

CORPORATE SOURCE: (1) Institut de Genetique 
Humaine, CNRS UPR1 142, 141 Rue de 

la Cardonilie, 34396, Montpellier Cedex 5 

France 

SOURCE: Neuropharmacology, pec. 17, 1999) 

Vol. 39, No. l.pp. 

1-10. 

ISSN: 0028-3908. 
DOCUMENT TYPE: Article 
LANGUAGE: English 
SUMMARY LANGUAGE: English 
AB The voltage gated ***calcium*** 
* * * channel * * * family is a maj or 

target for a range of therapeutic drugs. Mibefradil 
(Ro 40-5967) belongs 

to a new chemical class of these molecules which 
differs from other Ca2+ 

"""♦antagonists*** by its ability to potently block 

***type*** Ca2+ channels. However, this 
molecule has also been shown to 

inhibit other Ca2+ channel subtypes. To further 
analyze the mechanism 

governing the Ca2+ channel-Mibefradil interaction, 
we examined the effect 

of Mibefradil on various recombinant Ca2+ channels 
expressed in mammalian 

cells from their cloned cDNAs, using Ca2+ as the 
permeant ion at 

physiological concentration. Expression of alpha 1 A, 
alpha 1C and alpha IE in 

tsA 201 cells resulted in Ca2+ currents with 
functional characteristics 

closely related to those of their native counterparts. 
Mibefradil blocked 

alpha 1 A and alpha IE with a Kd comparable to that 
reported for ***T*** - 

♦ * *type* * * channels, but had a lower affinity 



(apprx30-fold) for 

alpha 1C. For each channel, inhibition by Mibefradil 
was consistent with 

high-affinity binding to the inactivated state. 
Modulation of the 

voltage-dependent inactivation properties by the 
nature of the coexpressed 

beta subunit or the ♦♦♦alphal*** splice variant 
altered block at the 

Mibefradil receptor site. Therefore, we conclude that 
the tissue and 

sub-cellular localization of ***calcium*** 
♦♦♦channel*** subunits 

as well as their specific associations are essential 
parameters to 

understand the in vivo effects of Mibefradil. 

L5 ANSWER 8 OF 21 SCISEARCH COPYRIGHT 
2001 ISI(R) 

ACCESSION NUMBER: 1998:866265 
SCISEARCH 

THE GENUINE ARTICLE: 136YV 

TITLE: Selective peptide ***antagonist*** 

of the class E 

* * * calcium* * * * * *channel * * * from 
the venom of the 

tarantula Hysterocrates gigas 
AUTHOR: Newcomb R (Reprint); Szoke B; 

Palma A; Wang G; Chen X H; 

Hopkins W; Cong R; Miller J; Urge L; 
TarczyHomoch K; Loo 

J A; Dooley D J; Nadasdi L; Tsien R W; 
Lemos J; Miljanich 

G 

CORPORATE SOURCE: ELAN PHARMACEUT 
INC, 3760 HAVEN AVE, MENLO PK, CA 94025 

(Reprint); UNTV MASSACHUSETTS, 
MED CTR, DEPT PHYSIOL, 

WORCESTER, MA 01655; WARNER 
LAMBERT PARKE DAVIS, PARKE 

DAVIS PHARMACEUT RES DIV, 
DEPT CHEM, ANN ARBOR, MI 481 05; 

WARNER LAMBERT PARKE DAVIS, 
PARKE DAVIS PHARMACEUT RES 

DIV, DEPT NEUROSCI THERAPEUT, 
ANN ARBOR, MI 48105; 

STANFORD UNIV, BECKMAN CTR, 
DEPT MOL & CELLULAR PHYSIOL, 

STANFORD, CA 94305 
COUNTRY OF AUTHOR: USA 
SOURCE: . BIOCHEMISTRY, (3 NOV 1998) 

Vol. 37, No. 44, pp. 

15353-15362. 

Publisher: AMER CHEMICAL SOC, 
1155 16THST,NW, 

WASHINGTON, DC 20036. 
ISSN: 0006-2960. 
DOCUMENT TYPE: Article; Journal 
FILE SEGMENT: LIFE 
LANGUAGE: English 
REFERENCE COUNT: 75 

♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB We describe the first potent and selective 
blocker of the class E 

Ca2+-channel. SNX-482, a novel 41 amino acid 
peptide present in the venom 

of the African tarantula, Hysterocrates gigas, was 
identified through its 

ability to inhibit human class E Ca2+ channels stably 
expressed in a 

mammalian ceil line. An IC50 of 15-30 nM was 
obtained for block of the 

class E Ca2+ channel, using either patch clamp 
electrophysiology or 

K+-evoked Ca2+ flux. At low nanomolar 
concentrations, SNX-482 also blocked 

a native resistant or R-type Ca2+ current in rat 
neurohypophyseal nerve 

terminals, but concentrations of 200-500 nM had no 
effect on R-type Ca2+ 

cut-rents in several types of rat central neurons. The 
peptide has the 

sequence 

GVDKAGCRYMFGGCSVNDDCCPRLGCHSLFSY 
CAWDLTFSD-OH and is homologous to 

the spider peptides grammatoxin SI A and hanatoxin, 
both peptides with very 

different ion channel blocking selectivities. No 



effect of SNX-482 was 

observed on the following ion channel activities: 
Na+ or K+ currents in 

several cultured cell types (up to 500 nM); K+ 
current through cloned 

potassium channels Kvl . 1 and Kvl .4 expressed in 
Xenopus oocytes (up to 140 

nM); Ca2+ flux through L- and ***T**» - 
***typc*** Ca2+ channels in 

an anterior pituitary cell line (GH3, up to 500 nM); 
and Ba2+ current 

through class A Ca2+ channels expressed in 
Xenopus oocytes (up to 280 nM). 

A weal; effect was noted on Ca2+ current through 
cloned and stably 

expressed class B Ca2+ channels (IC50 > 500 nM). 
The unique selectivity of 

SNX-482 suggests its usefulness in studying the 
diversity, function, and 

pharmacology of class E and/or R-type Ca2+ 
channels. 
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DUPLICATE 5 

ACCESSION NUMBER: 1998420198 MEDLINE 
DOCUMENT NUMBER: 98420198 
TITLE: Mechanisms of spontaneous cytosolic 

Ca2+ transients in 

differentiated human neuronal cells. 
AUTHOR: Gao Z Y; Chen M; Collins H W; 

Matschinsky F M; Lee V M; 

Wolf B A 

CORPORATE SOURCE: Department of Pathology 
and Laboratory Medicine, University 

of Pennsylvania School of Medicine, 
Philadelphia 19104, 

USA. 

CONTRACT NUMBER: AG09215 (NIA) 
AG11542 (NIA) 
AG10124(NIA) 
+ 

SOURCE: EUROPEAN JOURNAL OF 

NEUROSCIENCE, (1998 Jul) 10 (7) 
2416-25. 

Journal code: BYG. ISSN: 0953-8 16X. 
PUB. COUNTRY: France 
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AB We have studied Ca2+ homeostasis in a unique 
model of human neurons, the 

NT2N cell, which differentiates from a human 
teratocarcinoma cell line, 

NTera2/Cl.Dl by retinoic acid treatment. When 
perifused with Krebs-HEPES 

buffer containing 2.5 mM CaC12, fura-2 loaded 
NT2N cells produced 

spontaneous cytosolic Ca2+ oscillations, or Ca2-f- 
transients. These 

cytosolic Ca2+ transients were not blocked by 
♦♦♦antagonists*** of 

glutamate (6-cyano-7-nitroquinoxaline-2 J 3-dione and 
D(-)-2-amino-5- 

phosphonopentanoic acid) or muscarinic (atropine) 
receptors. Omission of 

extracellular Ca2+ completely abolished Ca2+ 
oscillations and decreased 

the average Ca2+ level from 106 +/- 14 nM to 59 +/- 
8 nM. Addition of the 

L-type Ca2+ channel blocker nifedipine (1 or 10 
microM) or of the N-type 

inhibitor omega-conotoxin GVIA (5 microM) 
significantly, although 

incompletely, suppressed Ca2+ oscillations, while 
omega-conotoxin MVIIC (5 

microM), a selective ***antagonist*** of P- and 
Q-channels, had no 

effect. Ni2+, at 100 microM, a concentration 
selective for ***T** # - 

***type*** channels, did not inhibit Ca2+ 
transients. Non-specific 

blockage of Ca2+ channels by higher concentrations 
ofNi2+ (2-5mM)or 

Co2+ (1 mM) abolished Ca2+ oscillations 
completely. The endoplasmic 

reticulum Ca2+-ATPase inhibitor, thapsigargin (1 
microM), slightly 



decreased Ca2+ oscillation frequency, and induced a 
smal! transitory 

increase in the average cytosolic Ca2+ concentration. 
The mRNAs of L- 

(alphalD subunit) and N-type (alpha IB subunit) 
Ca2+ channel were present 

in NT2N cells, while that of a ***T*** - 
***type*** Ca2+ channel ( 

***alphal*** -subunit) was not present in the 
NT2N cells as shown by 

reverse transcription-polymerase chain reaction. In 
conclusion, NT2N 

neuronal cells generate cytosolic Ca2+ oscillations 
mainly by influx of 

extracellular Ca2+ through multiple channels, which 
include L- and N-type 

channels, and do not require activation of glutamate 
or muscarinic 

receptors. 
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AB Calcium influx is an absolute requirement for the 
physiological acrosome 

reaction in sperm from all sources examined, both 
invertebrate and 

mammalian. Pharmacological studies suggest that the 
major channel in the 

sperm head plasma membrane responsible for 
modulating calcium entry and 

intracellular ionized calcium levels could be either 
an L-type (a class of 

high voltage-activated) or a ♦♦♦T*** - 
***type*** (low 

voltage-activated) voltage-dependent 
♦♦♦calcium*** ***channel*** . 

Patch clamp analysis of calcium currents in immature 
spermatogenic cells 

demonstrates the presence of ***T*** - 
♦♦♦type*** currents. 

Therefore, an argument has been put forth that the 
acrosome reaction of 

ejaculated sperm is regulated by a ***T*** - 

♦♦♦calcium*** ***channel*** . However, 
indirect analysis of calcium 

currents in mature sperm after transfer of ion 
channels to planar lipid 

bilayers detects three current types, including that 
similar, but not 

identical, to an L-type channel, but no * **T*+* . 
♦♦♦type*** 

currents. Molecular cloning of the ***alpha*** - 
***1*** pore 

forming subunit of ***calcium*** 
* * * channels * * * expressed in the 

male reproductive tract and in ejaculated sperm has 
resolved this 

controversy, demonstrating the existence of only 
high voltage-activated 

channels. Further analysis of the * * *alpha* * * - 
***1*** subunit 

isoform from rat and human testis and sperm 
suggests that, as a result of 



alternate splicing, this L-type ***alpha*** - 
***1*** subunit could 

produce calcium currents that were T-like, e.g., 
transient, rapidly 

inactivating with slow deactivation. Multiple splice 
variants of this 

isoform were detected in human testis, suggesting a 
correlation with 

uitra-individual variation in the ability of sperm to 
undergo an induced 

acrosome reaction and with male infertility. These 
variants could be 

developed as useful biomarkers for susceptibility to 
environmental and 

occupational toxicants. Knowledge of 
♦♦♦calcium*** ***channels*** 

structure will also contribute to design of new male 
contraceptives based 

on existing ***calcium*** ***channel*** 
♦♦♦antagonists*** . 
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AB The electrophysiology of neonatal rat ventricular 
myocytes with and 

without hypertrophy has not been characterized. The 
***alphal*** 

-adrenergic ***agonist*** phenylephrine induced 
hypertrophy in 

neonatal rat ventricular myocytes. After 48 h of 
exposure to 20 microM 

phenylephrine, cell surface area of hypertrophied 
myocytes was 44% larger 

than control. Action potential duration was 
significantly longer in 

hypertrophy than in control. There was an increase in 
L-type Ca2+ current 

in control after 48 h in culture, but current density 
was significantly 

less in hypertrophy (-4.7 +/- 0.8 hypertrophy vs. 
-10.7+/- 1.2 control 

pA/pF, n = 22, P < 0.05). ***T*** - ***typ C *** 
Ca2+ current density 

was not different. The alpha-adrenergic 
** ♦antagonist*** prazosin 

blocked the hypertrophy and the chronic effect of 
phenylephrine on L-type 

Ca2+ current. Transient outward K+ current density 
was decreased 70% in 

hypertrophy and was blocked with 4-aminopyridine. 
No change in Na+ current 

density was observed. Staurosporine, a protein 
kinase C inhibitor, 

eliminated the hypertrophy and the effect on L-type 
Ca2+ current. These 

studies showed that phenylephrine-induced 
hypertrophy occurred via the 

* * *alpha 1 * * * -adrenergic pathway and caused 
electrophysiological changes 

and effects on ion channel expression. 
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AB ***Calcium*** - ***channel*** blockers are 
widely used as an 

effective treatment for hypertension and angina. 
Several studies have 

raised questions about their safety, suggesting that 
♦♦♦calcium*** - 

***channel * ** blockers can increase the rates of 
myocardial infarction 

(MI) and death, particularly in patients with heart 
disease. Reviews of 

these studies have uncovered serious methodological 
shortcomings or have 

found them restricted to short-acting drugs, 
frequently at high doses or 

used inappropriately. One study was based on old 
data regarding only 

short-acting nifedipine, which has never been 
indicated for patients who 

have suffered an MI or unstable angina. A 
case-control study of 

short-acting verapamil, diltiazem, and nifedipine 
suggested an increased 

MI rate was confounded by the higher rates of 
diabetes and preexisting 

heart disease in the patients treated with 
♦♦♦calcium*** - 

* * *channel * * * blockers , A third study reported 
significantly decreased 

survival only in patients taking short-acting 
nifedipine; in most of the 

cases reported, blood pressure was not controlled. 
While these studies 

alert us to the limitations of short-acting 
♦♦♦calcium*** - 

***channel*** blockers and the necessity of 
considering side effects 

such as neurohormonal stimulation, a number of 
more recent, 

better-controlled studies have not confirmed 
increased risk with 

♦♦♦calcium*** - ***channel*** blockers when 
appropriately employed. 

***Calcium*** - ***channel*** blockers 
should still be considered 

first-line therapy in appropriately selected patients * 
with hypertension or ^ {\ 



angina. 



Vol^^^^derit blockade of diverse 
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AB Four different types of Ca2+ channel 

♦♦♦alpha*** **♦!♦** subunits, 

representing the major classes of voltage-gated Ca2+ 



channels, were 

individually coexpressed along with alpha 2/delta 
and beta 2b subunits in 

Xenopus oocytes. These subunits (and the encoded 
channel types and major 

tissues of origin) included alpha 1 C (L-type, 
cardiac), alpha IB (N-type, 

central nervous system), alpha 1A (P/Q-type, central 
nervous system), and 

alpha IE (most likely R-type, central nervous 
system). Divalent cation 

currents through these channels (5 mM Ba2+) were 
evaluated with the 

two-microelectrode voltage-clamp technique. The 
expressed channels were 

compared with regard to their responses to a 
structurally novel, 

nondihydropyridine compound, mibefradil (Ro 
40-5967). In the micromolar 

concentration range, this drug exerted clear 
inhibitory effects on each of 

the four channel types, reducing divalent cation 
current at all test 

potentials, with the non-L-type channels being more 
sensitive to 

inhibition than the L-type channels under fixed 
experimental conditions. 

For all channel types, mibefradil was a much more 
effective inhibitor at 

more depolarized holding potentials, suggesting 
tighter binding of the 

drug to the inactivated state than to the resting state. 
The difference in 

apparent affinities of resting and inactivated states of 
the channels, 

calculated based on a modulated receptor hypothesis, 
was 30-70-fold. In 

addition, the time course of decay of Ca2+ channel 
current was accelerated 

in the presence of drug, consistent with open channel 
block. The effect of 

increasing stimulation frequency was tested for 
L-type channels and was 

found to greatly enhance the degree of inhibition by 
mibefradil, 

consistent with promotion of block by channel 
opening and inactivation. 

Allowing for state-dependent interactions, the drug 
concentrations found 

to block L-, N-, Q-, and R-type channels by 50% are 
at least 10-fold 

higher than half-blocking levels previously reported 
ibr**^g*> 

*^type*'** channels in vascular smooth muscle 
cells uncW similar 

experimental conditions. This may help explain the 
ability of the drug to 

spare working myocardium (strongly negative resting 
potential, dominance 

of L-type channels in their resting state) while 
reducing contraction in 

blood vessels (presumably involving **+t*+* . 
***type*** channels or 

partially inactivated L-type channels). Thus, 
mibefradil is a new addition 

to the family of nonselective organic Ca2+ channel 
inhibitors, as 

exemplified by bepridil and fluspirilene, and may 
prove useful as an 

experimental tool for studying diverse physiological 
events initiated by 

Ca2+ influx. It complements classes of drugs with 
relatively selective 

effects on L-type channels, as exemplified by 
nifedipine and diltiazem. 

L5 ANSWER 14 OF 21 SCISEARCH COPYRIGHT 
2001 ISI (R) 

ACCESSION NUMBER: 95:30249 SCISEARCH 
THE GENUINE ARTICLE: PX343 
TITLE: THE CA++-CHANNEL BLOCKER 

RO-40-5967 BLOCKS DIFFERENTLY 

♦*+T*** - +**TYPE*** AND 
L-TYPE CA++ CHANNELS 
AUTHOR: MEHRKE G; ZONG X G 

(Reprint); FLOCKERZI V; HOFMANN F 
CORPORATE SOURCE: TECH UNIV MUNICH, 
INST PHARMAKOL & TOXIKOL, 

BIEDERSTEINERSTR 29, D-80802 



***typt$* 



MUNICH, GERMANY (Reprint); 

TECH UNIV MUNICH, INST 
PHARMAKOL & TOXIKOL, D-80802 

MUNICH, GERMANY 
COUNTRY OF AUTHOR:., GERMANY 
SOURCE: dj^S^'Mz&M 
P HMfeOLO GY AND EXPERIMENTAL 
THERAPEUTICS,^^ , 

^ (DEj gip Vol. 271 , No. 3, pp. 
1483-1488. 

ISSN; 0022-3565. 
DOCUMENT TYPE: Article; Journal 
FILE SEGMENT: LIFE 
LANGUAGE: ENGLISH 
REFERENCE COUNT: 32 

♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The effects of Ro 40-5967, a nondmydrop^ridine 
Ca++ channel blocker, 

og ^lbpyol taee activated ( ***t*' 
) and high-Voltage 

activated (L-type) Ca++ channels were compared. 
L-type barium currents 

were measured in Chinese hamster ovary cells stably 
transfected with the 

agM»iTd.»»»» f ) subunit of the class Cb 

CaT^ffinSI^*^** 

- '***type*** barium currents were investigated in 
human medullary 

thyroid carcinoma cells. The Ba++ currents of 
human medullary thyroid 

carcinoma cells were transient, activated at a 
threshold potential of -50 

mV with the maximum at -14 +/- 3.2 mV and 
blocked by micromolar Ni++. The 

T- and L-type current inactivated with time constants 
of 33.4+/- 4.1 and 

416+/- 26 msec at maximum barium currents, 
respectively. Ro 40-5967 

inhibited reversibly the T- and L-type currents with 
IC50 values of 2.7 

and 1 8.6 mu M, respectively. The inhibition of the 
L-type current was 

voltage-dependent, whereas that of the *++T*** - 
***type*** current 

was not. Ro 40-5967 blocked ***T*** . 
♦♦♦type*** current already at 

a holding potential of -100 mV. The different types 
of block, i.e., 

voltage-dependent vs, tonic block, may contribute to 
the pharmacological 

profile of Ro 40-5967 in intact animals. 
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AB SR33557 (fantofarone) and SR33805 are 
structurally novel calcium 

♦♦ *antagonists*** that bind selectively to the 
♦♦♦alpha*** ++*i*** 

-subunit of the L-type Ca++ channel at a site distinct 
from the classical 

1,4-dihydropnyridine, phenylallcylarnine and 
benzodiazepine sites but in 

allosteric interactions with them. Blocking effects of 
fantofarone and 

SR33805 on the different types of voltage-activated 
Ca++ currents have 

been investigated with the whole-cell patch-clamp 
method in chick dorsal 



root ganglion neurons (for T-, L- and N-type 
currents) and in rat 

cerebellar Purkinje neurons (for P-type current) in 
primary culture. 

Neuronal L-type Ca++ channels are blocked totally 
by fantofarone and 

SR33805 in the microM range of concentration as in 
skeletal muscle and 

cardiac cells at a holding membrane potential of -80 
mV. The sequence of 

efficacy is SR33805 (IC50 = 26 nM) > fantofarone 
(IC50 = 0.35microM). N- 

and P-type channels are not very sensitive to 
fanto-farone and SR33805 

(IC50 approximately 5 microM). The ***T*** - 
♦♦♦type*** channel is 

not affected by these drugs. 
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AB Recent studies have revealed the molecular and 
functional diversity of 

voltage-gated ***calcium^* ***channels*** . 
Electrophysiological 

and pharmacological experiments on various cell 
types have provided a way 

of characterizing a Low Voltage Activated (LVA) or 

***type*** and several High Voltage Activated 
(HVA) ***calcium*** 

♦♦♦channels*** . LVA Ca2+ channels have fast 
kinetics and no specific 

ligands while HVA Ca2+ channels have been 
identified mainly by the use of 

specific toxins, and named L, N, P and Q. They are 
blocked by 

dihydropyridines, . omega. -CgT-G VIA, 
.omega. -Aga-IVA and .omega. -CmT-MVIIC, 

respectively. Biochemical studies have revealed that 
skeletal muscle Ca2+ 

channels are composed of a pore-forming . 
***alpha*** . ***l*** 

subunit and several associated subunits 
(.alpha. 2-. delta., .beta, and 

.gamma.). Several . ***alpha*** . *+*!**+ 
subunits have been cloned 

from various tissues and are encoded by at least six 
genes. Their 

expression in Xenopus oocytes or in mammalian 
cells induces 

♦♦♦calcium*** ***channel*** currents, the 
properties of which seem 

to correspond to the different Ca2+ channels 
identified in various cells. 

However, it has been suggested that further diversity 
may be provided by 

the addition of auxiliary subunits and particularly the 
.beta, subunits 

which are thought to be associated to most of the 9a 1 
subunits. .beta. 

subunits encoded by at least four genes (.beta. 1, 
.beta.2, .beta.3, 

.beta.4) expressed in the nervous system and other 
tissues enhance Ca2+ 

channel activity and are able to modify both 
electrophysiological and 

pharmacological properties. However, a differential 



effect on calcium 

current inactivation has been observed between the 
different isofbrms 

(.beta. 1, .beta.2, .beta.3) and their splice variants 
(.beta.la, .beta.lb) 

indicating that multiple Ca2+ channel gating may 
arise from the expression 

of different subtypes of .beta, subunits. The 
implication of Ca2+ channels 

in pathophysiology has been recently suggested and 
the genes coding for . 

♦♦♦alpha*** . or .beta, subunits are 

potential candidates in 

some pathologies. Several autoimmune diseases 
have also been suggested to 

involve Ca2+ channels as the targets for antibodies. 
Moreover, the 

functional diversity of neuronal Ca2+ channel offers 
new perspectives in 

the development of drugs for the treatment of 
neurologic disorders. 
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AB The activation of ***alpha*** - 
adrenoceptors in adult rat 

ventricular cells results in the reduction of the 
transient outward K+ 

current, but does not affect Ca++ currents. In this 
study, using neonatal 

rat ventricular cells, the ***alpha*** - ***!**+ 
adrenergic receptor 

***agonist** + phenylephrine increased the 
long- lasting (L-type) Ca++ 

channel current (dihydropyridine-sensitive) and the 
increase was 

concentration-dependent. Phenylephrine did not, 
however, modulate the 

transient-type ( ***T ++ * - ***type*** )Ca++ 
channel current. The 

***alpha ++ * - effect of phenylephrine 

was reversed or 

abolished by prazosin, an ***alpha*** - ***l*** 
♦♦♦antagonist*** 

. The alpha-2 * * *agonist* * * clonidine had no 
effect on the L-type 

current. Yohimbine, an alpha-2 ***antagonist*** , 
and propranolol, a 

beta ***antagonist*** , did not inhibit the effect 
of phenylephrine on 

L-type current. The effect of phenylephrine was 
abolished by pretreatment 

with WB4101 , an alpha- 1 A ♦♦♦antagonist^** , but 
not by 

chloroethylclonidine, an alpha- IB 
* * * antagonist* * * . In addition, 

norepinephrine also increased the L-type current in 
the presence of 

propranolol and this effect was reversed by washout. 
These observations 

suggest that phenylephrine increased the L-type 
Ca++ channel current 

specifically through the activation of alpha- 1 A 
adrenergic receptors in 

neonatal rat ventricular myocytes. This may explain 
in part the increase 

in the plateau phase of the action potential and the 
positive inotropic 

response of the neonatal myocardium to 



phenylephrine. This is the first 

description of an increase in L-type Ca++ current by 
alpha- 1 A adrenoceptor 

activation in neonatal rat ventricular myocytes, and 
this effect is 

different from that reported in adult rat myocytes. 

L5 ANSWER 18 OF 21 MEDLINE 
DUPLICATE 11 

ACCESSION NUMBER: 95121362 MEDLINE 
DOCUMENT NUMBER: 95121362 
TITLE : Effects of two chemical ly related new 

Ca2+ channel 

♦♦♦antagonists*** , SR33557 
(fantofarone) and SR33805, on 

the L-type cardiac channel. 
AUTHOR: Romey G; Bois P; Lazdunski M 

CORPORATE SOURCE : Institut de Pharmacologic 
Moleculaire et Cellulaire, Sophia 

Antipolis, Valbonne, France.. 
SOURCE: EUROPEAN JOURNAL OF 

PHARMACOLOGY, (1994 Sep 22) 263 (1-2) 

101-5. 

Journal code: EN6. ISSN: 0014-2999. 
PUB. COUNTRY: Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 
ENTRY MONTH: 199504 
AB Fantofarone (SR33557) is a substituted indolizine 
and SR33805 is a 

substituted indole. These drugs have been shown to 
specifically bind to 

the ***alpha*** ***1*** subunitofthe 
L-type Ca2+ channel at the 

same site, distinct from those of the classical 
1 ,4-dihydropyridine, 

phenylalkylamine or benzodiazepine Ca2+ 
* ♦♦antagonists* * * , but in 

negative allosteric interaction with them. The 
present work shows that 

fantofarone and SR33805 block L-type but not 
***T*** - ***type*** 

Ca2+ channels in mouse cardiac cells in primary 
culture. This block is 

voltage-dependent. Fantofarone and SR33805 are 
potent Ca2+ channel 

blockers in depolarized conditions (i.e. at a holding 
potential of -40 mV) 

with an EC50 = 1.4 and 4.1 nM, respectively. In 
polarized conditions (i.e. 

at a holding potential of -80 mV), SR33805 is a 
better Ca2+ channel 

blocker (EC50 = 33 nM) than fantofarone (EC50 - 
0. 1 5 microM). Therefore 

differences in their chemical structures make the 
blocking action of 

fantofarone more sensitive to voltage than that of 
SR33805. 
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FILE SEGMENT: Priority Journals 
ENTRY MONTH: 199405 
AB This paper provides a brief overview of the 
diversity of voltage-gated 



Ca2+ channels and our recent work on neuronal 
Ca2+ channels with novel 

pharmacological and biophysical properties that 
distinguish them from L, 

N,Por *+*T** + - ***type*+* channels. The 
Ca2+ channel 

♦♦♦alpha*** subunit known as alpha 

1A orBI [Mori Y., 

Friedrich T. ( Kim M.-S., Mikami A., Nakai J., Ruth 
P., Bosse E., Hofinann 

F., Flockerzi V., Furuichi T„ Mikoshiba K., Imoto 
K., Tanabe T. and Numa 

S. (1991) Nature 350, 398^K)2] is generally assumed 
to encode the P-type 

Ca2+ channel. However, we find that alpha 1 A 
expressed in Xenopus oocytes 

differs from P-type channels in its kinetics of 
inactivation and its 

degree of sensitivity to block by the peptide toxins 
omega-Aga-IVA and 

omega-CTx-MVIIC [Sather W. A., Tanabe T„ 
Zhang J.-F., Mori Y., Adams M. 

E. and Tsien R. W. (1993) Neuron 1 1, 291-303]. 
Thus, alpha 1 A is capable 

of generating a Ca2+ channel with characteristics 
quite distinct from 

P-type channels. Doe-1, recently cloned from the 
forebrain of a marine 

ray, is another ***alpha*** ***!*** subunit 
which exemplifies a 

different branch of the Ca2+ channel family tree 
[Home W. A, Ellinor P. 

T., Inman I., Zhou M., Tsien R. W. and Schwarz T. 
L.(1993)Proc. Natn. 

Acad. Sci. U.S.A. 90, 3787-3791]. When expressed 
in Xenopus oocytes, doe-1 

forms a high voltage-activated (HVA) Ca2+ channel 
[Ellinor P. T., Zhang 

J.-F., Randall A. D., Zhou M., Schwarz T. L., Tsien 
R. W. and Home W. 

(1993) Nature 363, 455^58]. It inactivates more 
rapidly than any 

previously expressed ♦♦♦calcium*** 
♦♦♦channel^** and is not 

blocked by dihydropyridine ♦♦♦antagonists*** or 
omega-Aga-IVA. Doe-1 

current is reduced by omega-CTx-GVIA, but the 
inhibition is readily 

reversible and requires micromolar toxin, in contrast 
to this toxin's 

potent and irreversible block of N-type channels. 
Doe-1 shows considerable 

sensitivity to block by Ni2+ or Cd2+. We have 
identified components of 

Ca2+ channel current in rat cerebellar granule 
neurons with kinetic and 

pharmacological features similar to alpha 1 A and 
doe-1 in oocytes [Randall 

A. D., Wendland B., Schweizer F., Miljanich G, 
Adams M. E. and Tsien R. 

W. (1993) Soc. Neurosci. Abstr. 19, 1478]. The 
doe-1 -like component 

(R-type current) inactivates much more quickly than 
L, Nor P-type 

channels, and also differs significantly in its 
pharmacology.(ABSTRACT 

TRUNCATED AT 400 WORDS) 
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AB ***Calcium*** ***channels*** mediate 
the generation of action 

potentials, pacemaking, excitation-contraction 
coupling, and secretion and 

signal integration in muscle, secretory, and neuronal 
cells. The 

physiological regulation of the L-type 
♦♦♦calcium*** ***channel*** 

is thought to be mediated primarily by guanine 
nucleotide-binding proteins 

(G proteins). A low molecular weight endogenous 
peptide has been isolated 

and purified from rat brain. This peptide regulates up 
and down the 

cardiac and neuronal * * * calcium* * * 
* * * channels * ♦ * , respectively. 

In cardiac myocytes, the peptide-induced 
enhancement of the L-type calcium 

current had a slow onset (half-time approximately 75 
seconds), occurred 

via a G protein-independent mechanism, and could 
not be inhibited by 

***alpha*** ***1*** -adrenergic, 
beta-adrenergic, or angiotensin II 

blockers. In neuronal cells, on the other hand, the 
negative effect had a 

rapid onset (half-time less than 500 milliseconds) 
and was observed on 

both ***T*** - ♦♦♦type*** and L-type 
♦♦♦calcium*** 

♦♦♦channels*** . 
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CORPORATE SOURCE: II. Physiologisches Institut, 
Medizinische Fakultat, 
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AB In the first part of this study, we show that sDHPR 
and pDHPR preparations 

reconstituted into lipid bilayers formed on the tips of 
patch pipettes 

exhibit two divalent cation-selective conductance 
levels of9and20 pS, 

similar in single-channel conductance to VSCC 
reported in a variety of 

intact preparations (see Pelzer et al. and Tsien et al. 
for review). The 

larger conductance level is similar to the VSCC 
identified in intact rat 

t-tubule membranes and described in sDHPR and 
pDHPR preparations, and 

shares many properties in common with activity 
from L-type VSCC. It is 

sensitive to augmentation by the DHP 
***agonist*** (+/-)-BAY K 8644 

and cAMP-dependent phosphorylation, and to block 
by the phenylalkylamine 

(+/-)-D600 and the inorganic blocker CoC12. Its 
open-state probability and 

open times are increased upon depolarization as 
expected for a 

voltage-dependent activation process. Upon 
depolarization beyond the 

reversal potential, however, open-state probability 
and open times decline 

again. A reasonable way to explain the bell-shaped 



dependence of open 

times and open-state probability on membrane 
potential is to assume 

voltage-dependent ion-pore interactions that produce 
closing of the 

channel at strong negative and positive membrane 
potentials. By contrast, 

the smaller conductance level may be similar to the 
10.6-pS t-tubule VSCC 

described by Rosenberg et al. and may best be 
compared with ♦♦♦T**+ - 

***type*** VSCC. It is largely resistant to 
augmentation by (+/->BAY K 

8644 and cAMP-dependent phosphorylation or block 
by (+/-)-D600, but is 

sensitive to block by CoC12. Its open times and 
open-state probability 

show a sole dependence on membrane potential 
where depolarization 

increases both parameters sigmoidally from close to 
zero up to a 

saturating level. Both elementary conductance levels 
do not exhibit 

significant inactivation over a wide potential range, 
which may suggest 

that skeletal muscle VSCC inactivation is either 
poorly or not 

voltage-dependent at all. This possibility seems in 
agreement with bilayer 

recordings on reconstituted intact t-tubule 
membranes and voltage-clamp 

recordings on intact fibers. It supports the idea that 
the decline ofCa2+ 

current in intact skeletal muscle fibers may be due to 
Ca2+ depletion from 

the t-tubule system and/or to inactivation induced by 
Ca2+ release from 

the sarcoplasmic reticulum. We consistently observe 
two conductance levels 

of 9 and 20 pS, either singly, or together in the same 
bilayer from 

solubilized DHPR samples and even highly purified 
DHPR 

preparations. (AB STRACT TRUNCATED AT 400 
WORDS) 
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COUNTRY OF AUTHOR: Canada 
SOURCE : JOURNAL OF BIOLOGICAL 

CHEMISTRY, (12 JAN 2001) Vol. 276, 
No. 2, pp. 1398-1406. 
Publisher: AMER SOC 
BIOCHEMISTRY MOLECULAR BIOLOGY INC, 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Novel splice variants of the Lu, subunit of the 
Ca( v )l -2 voltage-gated 

Ca2+ channel were identified that predicted two 
truncated forms of the or, 

subunit comprising domains I and II generated by 
alternative splicing in 

the intracellular loop region linking domains II and 
III. In rabbit heart 

splice variant 1 (RH-1), exon 19 was deleted, which 
resulted in a reading 

frameshift of exon 20 with a premature termination 
codon and a novel 

19-amino acid carboxyl-terminal tail. In the RH-2 
variant, exons 1 7 and 1 8 

were deleted, leading to a reading frameshift of 
exons 1 9 and 20 with a 

premature stop codon and a novel 62-amino acid 
carboxyl-terminal tail. 

RNase protection assays with RH-1 and RH-2 cRNA 
probes confirmed the 

expression in cardiac and neuronal tissue but not 
skeletal muscle. The 

deduced amino acid sequence from full-length 
cDNAs encoding the two 

variants predicted polypeptides of 99.0 and 99.2 
kDa, which constituted 

domains I and II of the ♦♦♦alpha*** ( +**1*+* 
), subunit of the 

Ca(v)l .2 channel. Antipeptide antibodies directed to 
sequences in the 

second intracellular loop between domains II and III 
identified the 

240-kDa Ca(v)l .2 subunit in sarcolemmal and heavy 
sarcoplasmic reticulum 

(HSR) membranes and a 99-kDa polypeptide in the 
HSR, An antipeptide 

antibody raised against unique sequences in the 
RH-2 variant also 

identified a 99-kDa polypeptide in the HSR. These 
data reveal the 

expression of additional Ca2+ channel structural 
units generated by 

alternative splicing of the Ca(v)1.2 gene. 
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TITLE: Novel nucleic acids encoding 

pancreatic ***T*** - 

♦•♦type*** ♦♦♦calcium*** 
♦♦♦channels*** used 

for regulation of ***T*** - 

***type*** 

♦♦♦calcium*** ***channels*** and 
treatment of type 

II diabetes, 
DERWENT CLASS: B04D16 
INVENTORY): LI, M 
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AU 99602 1 7 A 20000403 (200034) 

APPLICATION DETAILS: 

PATENT NO KIND APPLICATION 
DATE 



WO 2000015845 Al WO 1999-US 19675 
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AU 9960217 A AU 1999-60217 
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FILING DETAILS: 
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AU 99602 1 7 A Based on WO 20001 5845 

PRIORITY APPLN. INFO: US 1999-117399 
19990127; US 1998-98004 

19980826 
AN 2000-271475 (23] WPIDS 
AB WO 20001 5845 A UPAB: 20000516 

NOVELTY - An isolated pancreatic ♦♦♦T*** - 
^* ^ ^*tyj5c ^ ^ ^ 

♦♦♦calcium*** ♦♦♦channel*** (I) is new. 
DETAILED DESCRIPTION - INDEPENDENT 
CLAIMS are also included for the 
following: 

(1) an isolated nucleic acid molecule (NAM) (II) 
encoding (I), 

(2) an antisense NAM (III) complementary to 

(H); 

(3) a cell comprising (III); 

(4) an expression vector comprising (III); 

(5) a method (A) of decreasing expression of a (I) 
in a host cell; 

(6) a ribozyme (IV) having a recognition 
sequence complementary to a 

portion of (II); 

(7) a cell comprising (IV); 

(8) an expression vector comprising (IV); 

(9) a cell comprising (II); 

( 1 0) an expression vector comprising (II); 

(1 1) a method (B) of increasing expression of (II) 
in a host cell, 

comprising introducing (I) into the cell; 

(1 2) a method (C) of screening a substance for 
the ability to modify 

the function of (I); 

(1 3) a method (D) of obtaining DNA encoding 

(II) 

(14) a DNA oligomer capable of hybridizing to 

(0; 

( 1 5) a method (E) of detecting presence of a 
pancreatic ♦♦♦J*** - 

♦ ♦♦type*** ♦♦♦calcium*** ♦♦♦channel*** 
in a sample, 

( 16) an antibody (V) specific for (II); and 

(1 7) a method of detecting the presence of (I) in a 
sample, 

comprising contacting the sample with (V) and 
detecting the complex 
formed. 

ACTIVITY - antidiabetic. 
MECHANISM OF ACTION - The polypeptide 
functions as a pancreatic 

***T*** - ♦♦♦type*** ***calcium*** 
♦♦♦channel*** . 

USE - The pancreatic ***T*** - ***type*** 
* ♦♦calcium*** 

♦♦♦channel*** polynucleotides and polypeptides 
are used for treating 

diseases associated with abnormal expression or 
function of ♦♦♦T*** - 

♦♦♦type*** ♦♦♦calcium*** ♦♦♦channels*** 
, They are especially 

used for treating type II diabetes (claimed). They are 
used in methods for 

modifying insulin secretion by pancreatic beta cells, 
for modifying basal 

calcium levels in cells, for modifying the action of 
potential L type 

♦♦♦calcium*** ***channels*** in cells, for 
modifying pancreatic cell 



death, for modifying pancreatic beta cell 
proliferation, and for modifying 

calcium influx through L type ***calcium*** 
♦♦♦channels*** in 

cells (all claimed). The polypeptides are used to 
produce antibodies, 

which can be used in assays to identify cells or 
tissues which express 

pancreatic ♦♦♦T*** - ♦♦♦type*** 
♦♦♦calcium*** ♦♦♦channels*** 

, or for detecting pancreatic * * * T* * * - 
***type»** ♦♦♦calcium*** 

***channels*** in samples. Antisense sequences 
and ribozymes can be used 

to decrease expression of pancreatic ***T*** - 
♦♦♦type*** 

♦♦♦calcium*** ***channels*** . Inhibitors 
and antagonists (identified 

using the polypeptides of the invention) can be used 
to decrease the 

activity of pancreatic ***T*** - •♦♦type*** 
***calcium*** 

♦♦♦channels*** . 
ADVANTAGE - No stated advantage given in 
the specification. 

DESCRIPTION OF DRAWING(S) - The figure 
is a schematic illustration 

representing the partial rat genomic nucleotide 
composition between 

domains III and IV. Genomic DNA contained an 
exon specific to alpha 1 G 

(shaded circle) and an exon specific to the 
***alpha*** *♦♦]*♦* 

subunitof +**T*** - ***type*** Ca2+ 
deduced from INS-1 (shaded 

rectangle). Other exons (open rectangles) are 
identical between the two 

cDNAs. The bold letters indicate the nucleotide 
coding Glyl667. 

Dwg. lb/25 
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AB We describe here several novel properties of the 
human alpha 1 G subunit 

that forms ***T*** - ***type*** 
♦ ♦♦calcium** ♦ ♦♦♦channels*** 

. The partial intron/exon structure of the 
corresponding gene CACNA1 G was 

defined and several alpha 1 G isoforms were 
identified, especially two 

isoforms that exhibit a distinct III-IV loop: 
alphalG-a and alphalG-b. 

Northern blot and dot blot analyses indicated that 
alphalGmRNAis 

predominantly expressed in the brain, especially in 
thalamus, cerebellum, 

and substantia nigra. Additional experiments have 
also provided evidence 

that alpha 1G mRNA is expressed at a higher level 
during fetal life in 

nonneuronal tissues (i.e. kidney, heart, and lung). 
Functional expression 

in HEK 293 cells of a full-length cDNA encoding 
the shortest alpha 1G 

isoform identified to date, alpha lG-b, resulted in 
transient, low 

threshold activated Ca2+ currents with the expected 



permeability ratio 

(ISr > ICa gtoreq IBa) and channel conductance 
(apprx7 pS). These 

properties, together with slowly deactivating tail 
currents, are typical 

of those of native ***T*** - ♦••type*** Ca2+ 
channels. This 

alphalG-related current was inhibited by mibefradil 
(IC50 = 2 muM) and 

weakly blocked by Ni2+ ions (IC50 = 148 muM) 
and amiloride (IC50 > 1 mM). 

We showed that steady state activation and 
inactivation properties of this 

current can generate a "window current" in the range 
of-65to-55mV. 

Using neuronal action potential waveforms, we show 
that alpha 1G channels 

produce a massive and sustained Ca2+ influx due to 
their slow deactivation 

properties. These latter properties would account for 
the specificity of 

Ca2+ influx via ♦♦♦T**+ - ♦**type*+* channels 
that occurs in the 

range of physiological resting membrane potentials, 
differing considerably 

from the behavior of other Ca2+ channels. 
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AB External pH (pH(o)) modifies ♦♦♦T*** - 
♦♦♦type*** ♦♦♦calcium*** 

* * *channel * * * gating and permeation properties. 
The mechanisms of 

***T*** - •♦♦type*** channel modulation by 
pH remain unclear because 

native currents are small and are contaminated with 
L- type calcium 

currents. Heterologous expression of the human 
cloned ♦♦♦'j'*** . 

♦ * ♦type * * * channel, . alpha. 1 H, enables us to 
determine the effect of 

changing pH on isolated ♦♦♦T*** - ***type*** 
calcium currents. 

External acidification from pH(o) 8,2 to pH(o) 5.5 
shifts the midpoint 

potential (V(l/2)) for steady-state inactivation by 1 1 
mV, shifts the 

V(l/2) for maximal activation by 40 mV, and 
reduces the voltage dependence 

of channel activation. The . alpha. 1H reversal 
potential (E(rev)) shifts 

from +49 mV at pH(o) 8.2 to +36 mV at pH(o) 5.5. 
The maximal macroscopic 

conductance (G(max)) of . ♦♦♦alpha*** . 
*♦*!+** H increases at pH(o) 

5.5 compared to pH(o) 8.2. The E(rev) and G(max) 
data taken together 

suggest that external protons decrease 
calcium/monovalent ion relative 

permeability. In response to a sustained 
depolarization .alpha.lH currents 

inactivate with a single exponential function. The 
macroscopic 

inactivation time constant is a steep function of 
voltage for potentials < 

-30 mV at pH(o) 8.2. At pH(o) 5.5. the voltage 
dependence of .tau.(inact) 



shifts more depolarized, and is also a more gradual 
function of vol tage . 

The macroscopic deactivation time constant 
(.tau.(deact)) is a function of 

voltage at the potentials tested. At pH(o) 5.5 the 
voltage dependence of 

.tau.(deact) is simply transposed by .apprx.40 mV, 
without a concomitant 

change in the voltage dependence. Similarly, the 
delay in recovery from 

inactivaiion at V(rec) of -80 mV in pH(o) 5.5 is 
similar to that with a 

V(rec) of -120 mV at pH(o) 8.2. We conclude that 
.alpha. 1H is uniquely 

modified by pH(o) compared to other 
"■♦♦calcium*** ***channels*** . 

Protons do not block .alpha. 1H current. Rather, a 
proton- induced change in 

activation gating accounts for most of the change in 
current magnitude 

with acidification. 
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SUMMARY LANGUAGE: English 
AB The pharmacological properties of the expressed 
murine +**T*+* - 

***type*** alphalG channel were characterized 
using the whole cell patch 

clamp configuration. Ba2+ or Ca2+ were used as 
charge carriers. Both IBa 

and ICa were blocked by Ni2+ and Cd2+ with IC50 
values of 0.47+-0.04 and 

1.13+-0.06 mM (Ni2+) and 162+-13 and 658+-23 
muM (Cd2+), respectively. 

Ni2+, but not Cd2+, modified the gating of channel 
activation. Ni2+ 

consistently accelerated channel deactivation while 
Cd2+ had a similar 

effect only on ICa. The alphalG channel was 
potently blocked by mibefradil 

in a dose- and voltage-dependent manner. IBa was 
moderately blocked by 

phenytoin (IC50 73.9+- 1.9 muM) and was resistant 
to the block by 

valproate. Also 3 mM ethosuximide blocked 20 and 
35% of the IBa at a HP of 

-100 and -60 mV, respectively, while 5 mM 
amiloride inhibited IBa by 38% 

and significantly slowed current activation. The 
alphalG channel was not 

aifected by 1 0 muM tetrodotoxin. Both 1 muM 
(+)isradipine and 10 muM 

nifedipine inhibited 18 and 14% of IBa amplitude at 
a HP of -100 mV, and 

23% and 29% of IBa amplitude at a HP of -60 mV, 
respectively. The alphalG 

current was minimally activated by 1 muM Bay K 
8644. 
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AB The auxiliary ***calcium*** ***channel*** 
alpha2delta subunit 

comprises a family of three genes, alpha2delta-l to 
3, which are expressed 

in a tissue-specific manner. alpha2delta-2 mRNA is 
found in the heart, 

skeletal muscle, brain, kidney, liver and pancreas. 
We report here for the 

first time the identification and functional 
characterization of 

alpha2delta-2 splice variants and their mRNA 
distribution in the mouse 

brain. The splice variants differ in the alpha2 and 
delta protein by eight 

and three amino acid residues, respectively, and are 
differentially 

expressed in cardiac tissue and human medullary 
thyroid carcinoma (hMTC) 

cells. In situ hybridization of mouse brain sections 
revealed the highest 

expression of alpha2delta-2 mRNA in the Purkinje 
cell layer of the 

cerebellum, habenulae and septal nuclei, and a lower 
expression in the 

cerebral cortex, olfactory bulb, thalamic and 
hypothalamic nuclei, as well 

as the inferior and superior colliculus. As the in situ 
data did not 

suggest a specific colocalization with any 
***alphal*** subunit, 

coexpression studies of alpha2delta-2 were carried 
out either with the 

high-voltage-gated ***calcium*** 
♦♦♦channels*** , alphalC, alphalE 

or alphal A, or with the low-voltage-gated 
*♦ ♦calcium* ♦♦ 

♦♦♦channel**^ , alphalG. Coexpression of 
alpha2delta-2 increased the 

current density, shifted the voltage dependence of 
channel activation and 

inactivation of alpha 1C, alphalE and alphal A 
subunits in a hyperpolanzing 

direction, and accelerated the decay and shifted the 
steady-state 

inactivation of the alphalG current. 
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AB The molecular type and localization of 
♦♦♦calcium*** ***channels*** 

along the nephron are not well understood. In the 
present study, we 

assessed the distribution of the recently identified 
alphal G-subunit 



encoding a voltage-dependent ***calcium*** 
***channel*** with 

*** T *** _ ♦♦♦type*** characteristics. Using a 
RNase protection assay, 

alphal G-mRN A levels in kidney regions were 
determined as inner medulla 

mchgt outer medulla simeq cortex. RT-PCR analysis 
of microdissected rat 

nephron segments revealed alphalG expression in 
the distal convoluted 

tubule (DCT), in the connecting tubule and cortical 
collecting duct 

(CT+CCD), and inner medullary collecting duct 
(IMCD). alphalG mRNA was 

expressed in the IMCD cell line mIMCD-3. Single- 
and double-labeling 

immunohistochemistry and confocal laser 
microscopy on semi thin paraffin 

sections of rat kidneys by using an anti-alpha 1G 
antibody demonstrated a 

distinct labeling at the apical plasma membrane 
domains of DCT cells, CT 

principal cells, and IMCD principal cells. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The ***calcium*** ♦♦♦channel*^ alpha 
IE subunit was originally 

cloned from mammalian brain. A new splice variant 
was recently identified 

in rat islets of Langerhans and in human kidney by 
the polymerase chain 

reaction. The same isoform of alpha IE was detected 
in rat and guinea pig 

heart by amplifying indicative cDNA fragments and 
by irnmunostaining using 

peptide-specific antibodies. The apparent molecular 
size of cardiac alpha 

IE was determined by SDS-PAGE and 
immunoblotting (218 +/- 6 kD; n = 3). 

Compared to alpha IE from stably transfected 
HEK-293 cells, this is 

smaller by 28 kD. The distribution of alpha IE in 
cardiac muscle cells of 

the conducting system and in the cardiomyoblast cell 
line H9c2 was 

compared to the distribution of cliromogranin, a 
marker of neuroendocrine 

cells, and to the distribution of atrial natriuretic 
peptide (ANP). In 

serial sections from atrial and ventricular regions of 



rat heart, 

co-localization of alpha IE with ANP was detected 
in atrium and with 

chromogranin A/B in Purkinje fibers of the 
conducting system in both rat 

atrium and ventricle. The kidney is another organ in 
which natriuretic 

peptide hormones are secreted. The detection of 
alpha IE in the distal 

tubules of human kidney, where urodilatin is stored 
and secreted, led to 

the conclusion that the expression of alpha IE in rat 
heart and human 

kidney is linked to regions with endocrine functions 
and therefore is 

involved in the Ca2+-dependent secretion of peptide 
hormones such as ANP 

and urodilatin. 

L6 ANSWER 9 OF 104 BIOSIS COPYRIGHT 2001 
BIOSIS DUPLICATE 1 
ACCESSION NUMBER: 2000:447682 BIOSIS 
DOCUMENT NUMBER: PREV200000447682 
TITLE: Influence of ***T*** - ***type*** 

Ca2+ (mibefradil) 

and CI- (indanyloxyacetic acid 94) channel 
antagonists on 

* * *alpha 1 * * * -adrenoceptor mediated 
contractions in rat 

aorta, 

AUTHOR( S ) : Duggan, Jennifer A. ; Tabrizchi, 
Reza(l) 

CORPORATE SOURCE : ( 1 ) Division of Basic 
Medical Sciences, Faculty of 

Medicine, Memorial University of 
Newfoundland, Saint 

John's, NF, A1B3V6 USA 
SOURCE: Canadian Journal of Physiology and 

Pharmacology, 

(September, 2000) Vol. 78, No. 9, pp. 
714-720. print. 

ISSN: 0008-4212. 
DOCUMENT TYPE: Article 
LANGUAGE: English 
SUMMARY LANGUAGE: English; French 
AB The effects of the +++T*** - ***type*** and 
L-type Ca2+ channel 

antagonists, mibefradil and nifedipine, respectively, 
and those ofaCl- 

channel antagonist, indanyloxyacetic acid 94, on 
mechanical responses 

e licited by selective activation of * * * alpha 1 * * * 
-adrenoceptors using 

cirazoline were examined in rat isolated aortic rings. 
The presence of 

mibefradil (300 nM), indanyloxyacetic acid, 94 (30 
muM) and nifedipine 

(300 nM) alone inhibited mechanical responses 
elicited by cirazoline. The 

concentration-response curves to cirazoline were 
displaced to the right 

with significant increases in the EC 50 and significant 
depressions of the 

maximal responses in the presence of the individual 
agents mibefradil, 

indanyloxyacetic acid 94, or nifedipine. A 
combination of mibefradil and 

indanyloxyacetic acid 94 further inhibited the 
mechanical activity 

produced by cirazoline. The further reduction in the 
maximal response to 

cirazoline, in the presence of mibefradil and 
nifedipine, was 

insignificant when compared with the effects of 
nifedipine alone. In 

addition, maximal mechanical responses produced 
by cirazoline were not 

significantly affected by a combination of nifedipine 
and indanyloxyacetic 

acid 94 when compared with either nifedipine alone 
or mibefradil and 

indanyloxyacetic acid 94 combined. Our current 
findings indicate that 

mibefradil, indanyloxyacetic acid 94, and nifedipine 
can inhibit 

cirazoline-induced contractions to a varying degree. 
Moreover, based on 

our present data it would be reasonable to suggest 
that the contribution 



of ***T*** - ***type*** versus L-type Ca2+ 
channels to contractile 

responses obtained with cirazoline are approximately 
21% and 35%, 

respectively, of the Emax. It would appear that 
L-type Ca2+ channels play 

a greater role in processes that are involved in 
excitation-contraction 

coupling subsequent to stimulation of 
* * * alpha 1 * * * -adrenoceptors. In 

addition, CI- channels also appear to be involved in 
the process of 

contraction following ***alphal*** -adrenoceptor 
activation. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Voltage-gated Ca2+ channels mediate Ca2+ 
entry into cells in response 

to membrane depolarization. Electrophysiological 
studies reveal different 

Ca2+ currents designated L-, N-, P-, Q-, R-, and 

. The high-voltage-activated Ca2+ channels that have 
been characterized 

biochemically are complexes of a pore-forming 
*+*alpha*** ( **+!+** 

) subunit of similar to 190-250 kDa; a 
transmembrane, disulfide-linked 

complex of alpha (2) and delta subunits; an 
intracellular beta subunit; 

and in some cases a transmembrane gamma subunit. 
Ten ♦♦♦alpha*** ( 

♦♦♦!♦♦♦ ) subunits, four alpha (2)delta 
complexes, four beta subunits, 

and two gamma subunits are known. The Ca(v)l 
family of ***alpha*** ( 

* * * 1 * * * ) subunits conduct L-type Ca2+ currents, 
which initiate muscle 

contraction, endocrine secretion, and gene 
transcription, and are 

regulated primarily by second messenger-activated 
protein phosphorylation 

pathways. The Ca(v)2 family of ♦♦♦alpha*** ( 
***!*** ) subunits 

conduct N-type, P/Q-type, and R-type Ca2+ currents, 



which initiate rapid 

synaptic transmission and are regulated primarily by 
direct interaction 

with G proteins and SNARE proteins and 
secondarily by protein 

phosphorylation. The Ca(v)3 family of 
♦♦♦alpha*** ( ♦♦*!♦♦♦ ) 

subunits conduct ♦♦♦T*** - ***type*** Ca2+ 
currents, which are 

activated and inactivated more rapidly and at more 
negative membrane 

potentials than other Ca2+ current types. The distinct 
structures and 

patterns of regulation of these three families of Ca2+ 
channels provide a 

flexible array of Ca2+ entry pathways in response to 
changes in membrane 

potential and a range of possibilities for regulation of 
Ca2+ entry by 

second messenger pathways and interacting proteins. 
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AB Mibefradil is a tetralol derivative chemically 

distinct from other 

♦♦♦calcium*** ***channel*** antagonists. It 

is a very effective 

antihypertensive agent that is thought to achieve its 

action via a higher 

affinity block for low-voltage-activated (T) than for 

high-voltage- 
activated (L) ***calcium*** ***channels*** . 

Estimates of affinity 

using Ba2+ as the charge carrier have predicted a 10- 

to 15-fold 

preference of mibefradil for T channels over L 
channels. However, T 

channel IC50 values are reported to be .apprx. 1 
.mu.M, which is much 

higher than expected for clinical efficacy because 
relevant blood levels 



of this drug are .apprx.50 nM. We compared the 
affinity for mibefradil of 

the newly cloned T channel isoforms, .alpha. 1G, 
.alpha. 1 H, and .alpha. 1 1 

with an L channel, . alpha. 1C. In 10 mMBa2+, 
mibefradil blocked in the 

micromolar range and with 12- to 1 3-fold greater 
affinity for T channels 

than for L channels (.apprx. 1 .mu.M versus 
1 3/.mu.M). When 2 mM Ca2+ was 

used as the charge carrier, the drug was more 
efficacious; the IC50 for 

.alpha. 1G shifted to 270 nM and for . ***alpha*** 
+**!*+* H shifted 

to 140 nM, 4.5- and 9-fold higher affinity than in 10 
mM Ba. The data are 

consistent with the idea that mibefradil competes for 
its binding site on 

the channel with the permeant species and that Ba2+ 
is a more effective 

competitor than Ca2+. Raising temperature to 
3 5. degree. C reduced affinity 

(IC50 792 nM). Reducing channel availability to half 
increased affinity 

(.apprx. 70 nM). This profile of mibefradil affinity 
makes these channels 

good candidates for the physiological target of this 
antihypertensive 

agent. 
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AB 1 . The role of Ca2+ entry in determining the 
electrical properties of 

cerebellar Purkinje cell (PC) dendrites and somata 
was investigated in 

cerebellar slice cultures. Immunohistofluorescence 
demonstrated the 

presence of at least three distinct types of Ca2+ 
channel proteins in PCs: 

the. ***alpha*** . (A) subunit (P/Q 

type Ca2+ channel), the . 

***aipha*** . ***l*** (G) subunit ( ***T*** 
♦♦♦type*** ) and the 

. ♦♦♦alpha*** . ***!♦♦* (E) subunit (R type). 2. 
In PC dendrites, the 

response started in 66% of cases with a slow 
depolarization (50 .+-. 15 

ms) triggering one or two fast (.apprx. 1 ms) action 
potentials (APs). The 

slow depolarization was identified as a low-threshold 
non-P/Q Ca2+ AP 

initiated, most probably, in the dendrites. In 16% of 
cases, this response 

propagated to the soma to elicit an initial burst of fast 
APs. 3. Somatic 

recordings revealed three modes of discharge. In 
mode 1 , PCs display a 

single or a short burst of fast APs. In contrast, PCs 
fire repetitively in 

mode 2 and 3, with a sustained discharge of APs in 
mode 2, and bursts of 

APs in mode 3. Removal of external Ca2+ or bath 



applications of a 

membrane-permeable Ca2+ chelator abolished 
repetitive firing. 4. 

Tetraethylammonium (TEA) prolonged dendritic 
and somatic fast APs by a 

depolarizing plateau sensitive to Cd2+ and to 
. omega. -agatoxin TK. 

Therefore, the role of Ca2+ channels in determining 
somatic PC firing has 

been investigated. Cd2+ or P/Q type Ca2+ 
channel-specific toxins reduced 

the duration of the discharge and occasionally 
induced the appearance of 

oscillations in the membrane potential associated 
with bursts of APs. 5, 

In summary, we demonstrate that Ca2+ entry 
through low-voltage gated Ca2+ 

channels, not yet identified, underlies a dendritic AP 
rarely eliciting a 

somatic burst of APs whereas Ca2+ entry through 
P/Q type Ca2+ channels 

allowed a repetitive firing mainly by inducing a 
Ca2+-dependent 

hyperpolarization. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Voltage-gated ***calcium*** 
* * *channels* * * are involved in a 

large variety of cellular functions such as 
excitation-contraction 

coupling, hormone secretion, firing and pacemaker 
activity, gene 

activation and proliferation. Cloning of 
complementary DNAs encoding for 

♦♦♦calcium*** ***channel*** subunits has 
challenged the study of the 

functional properties of * **calcium* * * 
♦♦♦channels*** and has 

allowed analysis of the molecular basis of 
♦♦♦calcium*** 

♦♦♦channel*** diversity. Recently, pore-forming 
subunits of ***T*** - 

***type*** ***calcium*** ** Channels*** 
have been cloned. Recent 

data describing type genes encoding 
♦♦♦calcium*** ***channels*** , 

their molecular and pharmacological studies, as well 
as their linkage to 

human genetic diseases are reviewed in this article. 
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AB Using patch clamp methods we have investigated 
the deactivation properties 

of the ♦♦*T*** - ♦♦♦type*** Ca2+ channel 
generated by expression of 

the rat alphal I subunit in HEK293 cells. The 
amplitude of the 

repolarisation-induced tail current was strongly 
correlated (R = 0.998) 

with the current amplitude immediately prior to 
repolarisation. The rate 

of deactivation was voltage-dependent between -120 
mV (taudeact = 0.9 +- 

0.0 ms) and -60 mV (taudeac = 3.3 +- 0.5 ms). 
Interestingly, the rate of 

deactivation observed at -80 mV was clearly 
dependent on the level of 

inactivation induced immediately prior to 
repolarisation, with greater 

inactivation producing significantly slower 
deactivation. In contrast, the 

rate of deactivation appeared completely 
independent of the level of 

steady-state inactivation. Together these data 
indicate the presence of a 

tight relationship between the recent induction of 
inactivation of this 

*** x *** . ** +tvpe *** channel and its 
subsequent rate of deactivation. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND I ALL FORMATS* 

♦♦* x **+ . wtypg*** Ca2+ channels are 
expressed in a wide 

variety of central and peripheral neurons and play an 
important role in 

neuronal firing and rhythmicity. Here we examined 
the effects of hypoxia 

on the recently cloned +++T+** - ***type*** 
Ca2+ channel alpha (1G), 

alpha ( 1 H) and alpha (11) subunits, stably expressed 
in HEK 293 cells. In 

cells expressing the human alpha (1H) or the rat 
alpha (1 l)subunit, Ca2+ 

channel currents were inhibited reversibly by 
hypoxia (P02<1 10 mmHg). The 

degree of inhibition was more marked in cells 
expressing the <alpha>(lH) 

subunit. This hypoxic inhibition was not voltage 
dependent. In cells 

expressing the rat alpha ( 1 G) subunit, hypoxia 
caused no detectable 

reduction in Ca2+ channel activity. Regardless of the 
channel type 

examined, hypoxia was without effect on the kinetic 
properties of the Ca2+ 

current (activation, inactivation and deactivation) or 
on steady-state 

inactivation. Ca2+ current through the alpha (1H) 
subunit was enhanced by 

the reducing agent reduced glutathione (GSH; 2 
rnM) and inhibited by 

oxidised glutathione (GSSG; 2 mM). In contrast, 
Ca2+ current through the 

alpha (1 G) subunit was unaffected by GSH. In alpha 
(1H) cells, neither GSH 

nor GSSG had any effect on the ability of hypoxia to 
reduce Ca2+ current 

amplitudes. Thus, different members of the 
***T*** - ***type*** Ca2+ 

channel family are differently regulated by hypoxia 
and redox agents. 

Hypoxic regulation of the alpha (1H) subunit appears 
to be independent of 

changes in levels of the intracellular redox couple 
GSSG:GSH. 

L6 ANSWER 19 OF 104 MEDLINE 
DUPLICATE 3 

ACCESSION NUMBER: 2000412064 MEDLINE 
DOCUMENT NUMBER: 20382745 
TITLE: Overexpression of ***T*** - 

♦♦♦type*** 

♦♦♦calcium*** ***channels*** in 

HEK-293 cells 

increases intracellular calcium without 
affecting cellular 

proliferation. 

AUTHOR: Chemin J; Monteil A; Briquaire C; 

Richard S; Perez-Reyes E; 

Nargeot J; Lory P 
CORPORATE SOURCE: IGH-CNRS UPR 
1 142-141, rue de la Cardonille, F-34396 

Montpellier, Cedex 05, France, 
SOURCE: FEBS LETTERS, (2000 Jul 28) 478 

(1-2) 166-72. 

Journal code: EUH. ISSN: 0014-5793. 
PUB. COUNTRY: Netherlands 

Journal; Article; (JOURNAL ARTICLE) 
LANGUAGE: English 
FILE SEGMENT: Priority Journals 
ENTRY MONTH: 20001 1 
ENTRY WEEK: 20001101 
AB Increased expression of low voltage-activated, 
_ **+£yp e *+* 

Ca(2+) channels has been correlated with a variety 
of cellular events 

including cell proliferation and cell cycle kinetics. 
The recent cloning 

of three genes encoding *+*T+** - *+*type*+* 



***alpha*** ( 

♦*♦!♦** ) subunits, alpha(lG), alpha(lH) and 
alpha(ll), now allows direct 

assessment of their involvement in mediating 
cellular proliferation. By 

overexpressing the human alpha(lG) and alpha(lH) 
subunits in human 

embryonic kidney (HEK-293) cells, we describe 
here that, although 

***T*** - ♦♦♦type*** channels mediate 
increases in intracellular 

Ca(2+) concentrations, there is no significant change 
in bromodeoxyuridine 

incorporation and flow cytometric analysis. These 
results demonstrate that 

expressions of ♦♦♦T*** - ♦♦♦type*** Ca(2+) 
channels are not 

sufficient to modulate cellular proliferation of 
HEK-293 cells. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The activation of osteoblast **+calcium*** 
♦♦♦channels*^* by 

many bone regulatory factors suggests an important 
role for intracellular 

calcium signaling in the control of bone remodeling. 
At least six 

different genes for the ***alpha*** ( ***l*** ) 

subunit of 

voltage-gated ***calcium*** ***channels*** 

have been cloned 

including L-type (alpha(lS), alpha(lC) and 
aipha(lD)) and non-L-type 

(alpha(lA), alpha^B), and alpha(lE)) isoforms. The 
goal of the present 

study was to identify which of these 
***calcium*** ♦♦♦channel^** 

isoforms are transcribed in human osteoblast-like 
cell lines (hFOB, MG-63, 

SAOS-2, TE-85, G-292) and in cultures of normal 
human osteoblasts. Reverse 

transcriptase-PCR was used to amplify sequences 
corresponding to each of 

the ***alpha*** ( ♦♦♦!♦♦♦ ) subunits using 
isoform specific primers. 

The products of the PCR reaction were cloned and 
sequenced to verify their 

identity and used to probe southern blots of the PCR 
reactions. The 

results indicate that among the different types of 
osteoblast-like cells 

examined, two ***calcium*** ♦♦♦channel #+# 
isoforms were always 

expressed (alpha(lC) and alpha(l A)), three isoforms 
were variably 

expressed (alpha(lS), alpha(lD) and alpha(lB)), and 
one isoform was not 

expressed in any of the osteoblast-like cells 
(alpha(lE)) but was easily 

detected in human brain controls. Our results 
indicate that mRNAs for 



multiple ♦**calcium t## ***channel*** 
♦♦♦alpha* # * ( ***1*** ) 

subunits are expressed in human osteoblasts, 
including both L-typc and 

non-L-type isoforms. In addition, significant 
heterogeneity exists between 

the different osteoblast cell models examined in the 
type and mRNA 

abundance of the different ♦♦♦calcium*** 
♦♦♦channel*** isoforms. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Cloning of three members of 
low-voltage-activated (L V A) * ♦ * calcium ♦ * * 

* ♦ ♦channel * * ♦ fami ly, predominantly neuronal 
alpha(lG)andalpha(H), 

and ubiquitous alpha(lH), enabled to investigate 
directly their 

electrophysiological and pharmacological profile as 
well as their putative 

subunit composition. All the three channels are 
half-activated at membrane 

potential about -40 mV and half-inactivated at about 
-70 mV. Kinetics of 

alpha(lG) and alpha(lH) channels activation and 
inactivation are similar 

and faster than that of alpha(l I) channel. All the 
three channels are 

blocked with high affinity by the organic blocker 
mibefradil. Another high 

affinity blocker is kurtoxin. Cloned LVA channels 
are relatively 

insensitive to antiepileptics, dihydropyridines and 
w-conotoxins. Ni2+ is 

high affinity blocker of alpha(lH) channel only. 
Amiloride inhibits the 

alpha(lH) channel. 
The subunit composition of LVA channel remains 
unclear. Cut of known 

high-voltage-activated ♦♦♦calcium*** 
♦♦♦channel*** subunits, 

alpha(2)delta-2 and gamma-5 subunits significantly 
and systematically 

modified activation and/or inactivation of the 
current. In contrast, 

alpha(2)delu-l, alpha(2)delta-3, gamma-2 and 
gamma-4 subunits failed to 

modulate the current or had only minor effects. 
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AB The ♦ ♦♦T*** - **+type*** Ca2+ channel is 
an important determinant of 

electrical activity and of Ca2+ influx in rat and 
human pancreatic 

beta-cells. We have identified and sequenced a 
cDNA encoding a ♦♦♦T*** 

. *** type *** Ca2+ channel *** a lphal*** 
-subunit derived from INS-1, 

the rat insulin-secreting cell line. The sequence of 
the cDNA indicates a 

protein composed of 2,288 amino acids that shares 
96*. 3% identity to 

alphalG, the neuronal ***T*** - ♦♦♦type*** 
Ca2+ channel subunit. The 

transmembrane domains of the protein are highly 
conserved, but the isoform 

contains three distinct regions and 10 single amino 
acid substitutions in 

other regions. Sequencing rat genomic DNA 
revealed that the ♦♦♦alphal *** 

-subunit we cloned is an alternative splice isoform of 
alpha 1G. By using 

specific primers and reverse 
transcription-polymerase chain reaction, we 

demonstrated that both splice variants are expressed 
in rat islets. The 

isoform deduced from INS-1 was also expressed in 
brain, neonatal heart, 

and kidney. Functional expression of this alpha 1G 
isoform in Xenopus 

oocytes generated low voltage-activated Ba2+ 
currents. These results 

provide the molecular biological basis for studies of 
function of 

*+*T*+* - ***type*** Ca2+ channels in 
beta-cells, which is where these 

channels may play critical roles in diabetes. 
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AB The voltage gated ***calcium*** 
♦♦♦channel*** family is a major 

target for a range of therapeutic drugs. Mibefradil 
(Ro 40-5967) belongs 

to a new chemical class of these molecules which 
differs from other Ca2+ 

antagonists by its ability to potently block *++T*** 
- ♦♦♦type*** 

Ca2+ channels. However, this molecule has also 
been shown to inhibit other 



Ca2+ channel subtypes. To further analyze the 
mechanism governing the Ca2+ 

channel-Mibefradil interaction, we examined the 
effect of Mibefradil on 

various recombinant Ca2+ channels expressed in 
mammalian cells from their 

cloned cDNAs, using Ca2+ as the permeant ion at 
physiological 

concentration. Expression of alphal A, alphalC, and 
alphalEintsA 201 

cells resulted in Ca2+ currents with functional 
characteristics closely 

related to those of their native counterparts. 
Mibefradil blocked alphalA 

and alpha IE with a Kd comparable to that reported 
for ***T*** - 

* * *type * * * channels, but had a lower affinity 
(approximately 30-fold) 

for alphalC. For each channel, inhibition by 
Mibefradil was consistent 

with high-affinity binding to the inactivated state. 
Modulation of the 

voltage-dependent inactivation properties by the 
nature of the coexpressed 

beta subunit or the ***alphal*** splice variant 
altered block at the 

Mibefradil receptor site. Therefore, we conclude that 
the tissue and 

sub-cellular localization of ***calcium*** 
♦♦♦channel*** subunits 

as well as their specific associations are essential 
parameters to 

understand the in vivo effects of Mibefradil. 
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1-2, pp. Abstract No. -234. 14. print. 
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AB Toxin-II from the venom of Prosphapalopus 
anomalous (ProTx-II) was 

isolated based on its ability to inhibit PN1 and PN3 
Na channels expressed 

in Xenopus oocytes. The toxin has 6 cysteines that 
conform to the 

inhibitory cystine knot (ICK) motif found in 
hanatoxin (a K channel 

inhibitor) and omega-grammotoxin-SIA (an inhibitor 
of N- and P-type Ca 

channels). We studied inhibition of PN1 Na 
channels and alpha 1 G ( * * *T* * * 

. ***type*** ) and alphalC (L-type)Ca channels 
expressed in HEK cells. 

For alpha 1 G Ca channels, 1 muM ProTX-II shifts 
current activation apprx 35 

mV to more positive voltages and reduces the 
steepness of voltage 

dependence of activation. The toxin slows activation 
even during strong 

depolarizations and speeds deactivation upon 
repolarization. Block of 

current during weak depolarizations indicates an 
apparent IC50 simeqlOO 

nM Although ProTx-II inhibits channel opening, it 
does not alter 

steady-state inactivation, indicating that channels can 
inactivate from 

closed states. ProTx-II inhibits alphalC Ca channels 
and PN1 Na channels 

with comparable potency as for alpha 1G Ca channels 



and with similar 

effects on channel activation. Thus, ProTx-II has an 
ICK motif also found 

in hanatoxin and omcga-grammotoxin-SIA and it 
modifies channel gating in 

an analogous manner to these toxins. This suggests 
that ProTx- II does not 

simply occlude the pore of Na and Ca channels and 
instead inhibits channel 

activation by binding to an extracellular S3-S4 
linker. ProTx-II 

identifies a functional domain conserved among Ca 
and Na channels that is 

important for channel activation. 
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AB In silico cloning led to the identification of three 
genes that encode 

***alphal*** subunits of ♦♦*T*** - 
♦♦♦type*** Ca2+ channels: 

alphalG (Cav3.1), alphalH(Cav3.2), andalphall 
(Cav3.3). The alpha II 

subunit was discovered while cloning from a rat 
brain cDNA library (Lee et 

al., J. Neurosci. 19:1912, 1999). Here we report the 
cloning of the human 

ortholog of alphal I. Fetal brain and adult cerebellum 
libraries were 

screened at low stringency using cDNA probes 
derived from rat alphal I. The 

deduced amino acid sequence is 93% identical to the 
rat alphal I. The human 

clone has a much longer carboxyl terminus. The 
divergence occurs at an 

intron/exon boundary, with the rat cDNA being 
spliced in a different frame 

that terminates shortly thereafter. BLAST searches 
identified a partial 

clone (GenBank AB032946) that encoded the full 
carboxyl terminus and 3.3 

kb of the 3' untranslated sequence. The distribution 
of alphal I mRNA was 

studied using PCR amplification with Taqman, and 
normalized to 

cyclophilin. The gene is almost exclusively 
expressed in the brain, with 

high expression in cerebral cortex, basal ganglia, 
hippocampus, and 

amygdala. Expression of the channel in HEK-293 
cells led to the induction 

of typical ***T*** - *+*type*** currents, with 
the notable exception 

that they activated and inactivated much more 
slowly. 
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NOVELTY - An isolated nucleic acid fragment (I) 
that encodes a low-voltage 

activated subunit of an animal ***calcium*** 
***channel*** . 

DETAILED DESCRIPTION - INDEPENDENT 
CLAIMS are included for: 

(1) a eukaryotic cell, comprising heterologous 
nucleic acid that 

encodes an ***alpha*** ♦**!*♦♦ subunit 
wherein the ***alpha*** 

* * * 1 * * * subunit is encoded by (I); 

(2) a eukaryotic cell with a functional, 
heterologous ***calcium*** 

••♦channel*** , produced by a process comprising 
introducing into the 

cell heterologous nucleic acid that encodes at least 
one subunit of a 

♦♦♦calcium*** ***channel*** , wherein the 
subunit is encoded by (I); 

(3) a method for identifying a compound that 
modulates the activity 

ofa ♦♦♦calcium*** ♦••channel*** that 
contains an ***alpha*** 

♦ * * 1 * * * subunit, comprising; 

(a) suspending the eukaryotic cell of any as in (1 ) 
or (2) in a 

solution containing the compound and a 
♦••calcium*** ***channel*** 
selective ion; 

(b) depolarizing the cell membrane of the cell; 

and 

(c) detecting the current or ions flowing into the 
cell, where: 

(i) the heterologous ***calcium*** 
♦♦♦channel*** includes at 

least one * * * calcium* * * * * * channel * * * 



subunit encoded by DNA or 

RNA that is heterologous to the cell; 

(ii) the current that is detected is different from 
that produced by 

depolarizing the same or a substantially identical cell 
in the presence of 

the same ***calcium*** ***channel*** 
selective ion but in the 

absence of the compound; 

(4) a ***alpha*** *•*!**♦ -subunit 
encoded by the nucleic acid 

molecule (I); 

(5) an RNA or DNA probe of at least 1 6 bases in 
length, comprising at 

least 16 contiguous nucleic acid bases from (I) that 
encode an alpha 

lH-subunit ofa ***calcium*** ***channel*** 

(6) a eukaryotic cell, comprising a heterologous 
***calcium*** 

•••channel*** encoded by nucleic acid encoding 
an •♦•alpha*** 

***!*•• -subunit ofa ***calcium*** 
•♦♦channel*** , wherein the 

heterologous * * * calcium * * * * * * channel * * * is 
a low voltage 

activated channel or a ♦*+T*** - ♦♦♦type*** 
channel; 

(7) an isolated nucleic acid molecule, comprising 
nucleotides 1506 to 

2627 of the 7898 bp sequence given in the 
specification; 

(8) a method for identifying compounds that 
modulate the activity of 

a low-voltage activated ***calcium*** 
***channel*** ; 

(9) a screening assay for identifying a compound 
that modulates the 

activity ofa low-voltage activated (LVA) 
♦♦♦calcium*** 

♦♦♦channel*** ; 

(1 0) a compound identified by the method as in 
(8) or (9). 

(1 1 ) a method of identifying compounds for 
treatment of low-voltage 

activated (LVA) type ***calcium*** 
••♦channel*** mediated 

disorders, comprising identifying compounds that 
modulate the activity of 

LVA-type channels in cells that express channels 
containing a subunit 

encoded by the nucleic acid (I). 
ACTIVITY -None given. 
MECHANISM OF ACTION - None given. 
USE - The probes can be used to identify nucleic 
acids that encode an 

alpha 1H subunit ofa ***calcium*** 
♦•♦channel*** subunit. The 

probes can also be used to identify cells or tissues 
that express this 

subunit. The method as in (1 1 ) ma be used to detect 
neurological, 

endocrinological, cardiovascular, urological, hepatic, 
respiratory, and 

vascular disorders. (All claimed) 
DwgO/4 
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AB We have investigated the molecular determinants 

that mediate the 

differences in voltage-dependent inactivation 
properties between rapidly 

inactivating (R-type) alpha(lE) and noninactivating 
(L-type) alpha(lC) 

•••calcium*** ***channels*** . When 
coexpressed in human embryonic 

kidney cells with ancillary beta(lb) and 
alpha(2)-delta subunits, the wild 

type channels exhibit dramatically different 
inactivation properties; the 

half-inactivation potential of alpha(lE) is 45 mV 
more negative than that 

observed with alpha(lC), and during a 1 50-ms test 
depolarization, 

alpha(lE) undergoes 65% inactivation compared 
with only about 1 5% for 

alpha(lC). To define the structural determinants that 
govern these 

intrinsic differences, we have created a series of 
chimeric 

***calcium*** ♦••channel*** ***alpha*** 
( ♦♦♦!♦♦* ) subunits 

that combine the major structural domains of the two 
wild type channels, 

and we investigated their voltage-dependent 
inactivation properties. Each 

of the four transmembrane domains significantly 
affected the 

half-inactivation potential, with domains II and III 
being most critical. 

In particular, substitution of alpha(lC) sequence in 
domains II or III 

with that of alpha(lE) resulted in 25-mV negative 
shifts in 

half-inactivation potential. Similarly, the differences 
in inactivation 

rate were predominantly governed by transmembrane 
domains II and III and 

to some extent by domain IV. Thus, 
voltage-dependent inactivation of 

alpha(lE) channels is a complex process that 
involves multiple structural 

domains and possibly a global conformational change 
in the channel 

protein. 
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AB Expression of rat alpha 1 G, human alpha 1 H and rat 
alpha II subunits of 

voltage-activated Ca2 + channels in HEK-293 cells 
yields robust Ca2 + 

inward currents with 1 .25 mM Ca2 + as the charge 
carrier. Both 

similarities and marked differences are found 
between their biophysical 

properties. Currents induced by expression of 
alpha 1G show the fastest 

activation and inactivation kinetics. The alpha 1H and 



alpha II currents 

activate and inactivate up to 1 .5- and 5-fold slower, 
respectively. No 

differences in the voltage dependence of steady state 
inactivation are 

detected. Currents induced by expression of alphalG 
and alpha 1H deactivate 

with time constants of up to 6 ms at a test potential 
of- 80 mV, but 

currents induced by alpha II deactivate about 
three-fold faster. Recovery 

from short-term inactivation is more than three-fold 
slower for currents 

induced by alpha 1H and alphall in comparison to 
alpha 1G. In contrast to 

these characteristics, reactivation after long-term 
inactivation was 

fastest for currents arising from expression of 
alphall and slowest in 

cells expressing alphalH ***calciurn*** 
♦♦♦channels*** . The calcium 

inward current induced by expression of alphall is 
increased by positive 

prepulses while currents induced by alphalH and 
alpha 1G show little (< 

5%) or no facilitation. The data thus provide a 
characteristic fingerprint 

of each channel's activity, which may allow 
correlation of the alphalG, 

alphalH and alphall induced currents with their in 
vivo counterparts. 
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AB Voltage-dependent activity around the resting 
potential is determinant in 

neuronal physiology and participates in the definition 
of the firing 

pattern. Low-voltage-activated ***T*** - 
♦♦♦type*** Ca2 + channels 

directly affect the membrane potential and control a 
number of secondary 

Ca2 + -dependent permeabilities. We have studied 
the ability of the cloned 

. ***type*** channels (alpha 1G,H,I) 
to carry Ca2 + currents in 

response to mock action potentials. The relationship 
between the spike 

duration and the current amplitude is specific for 
each of the ***T* ++ 

- ♦**type*** channels, reflecting their individual 
kinetic properties. 

Typically the charge transfer increases with spike 
broadening, but the 

total Ca2 + entry saturates at different spike 
durations according to the 

channel type: 4 ms for alphalG; 7 ms for alphalH; 
and> 10 ms for alpha II 

channels. During bursts, currents are inhibited and/or 
transiently 

potentiated according to the ***alphal *** 
channel type, with larger 

effects 'at higher frequency. The inhibition may be 
induced by 

voltage-independent transitions toward inactivated 



states and/or channel 

inactivation through intermediate closed states. The 
potentiation is 

explained by an acceleration in the channel 
activation kinetics. 

Relatively fast inactivation and slow recovery limit 
the ability of 

alphalG and alphalH channels to respond to high 
frequency stimulation ( > 

20 Hz). In contrast, the slow inactivation of alpha 1 1 
subunits allows 

these channels to continue participating in high 
frequency bursts (100 

Hz). The biophysical properties of alphalG, H and I 
channels will 

therefore dramatically modulate the effect of 
neuronal activities on Ca2 + 

signalling. 
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AB Nickel has been proposed to be a selective blocker 
of low-voltage- 
activated, ***T*** - *+*type*** 
***calcium*** ***channels*** 

. However, studies on cloned high-voltage-activated 
Ca2+ channels 

indicated that some subtypes, such as alpha IE, are 
also blocked by low 

micromolar concentrations of NiC12. There are 
considerable differences in 

the sensitivity to Ni2+ among native ♦♦♦T*** - 
***type*** currents, 

leading to the hypothesis that there may be more 
than one ***T*** - 

* * +type * * * channel. We confirmed part of this 
hypothesis by cloning 

three novel Ca2+ channels, alphalG, H, and I, whose 
currents are nearly 

identical to the biophysical properties of native 
+**pt** . ♦♦♦type*** 

channels. In this study we examined the nickel block 
of these cloned 

+** T *** . *** ty p e *** channels expressed in 

both Xenopus oocytes and 

HEK-293 cells (10 mM Ba2+). Only alphalH 
currents were sensitive to low 

micromolar concentrations (IC50 = 13 muM). Much 
higher concentrations were 

required to half-block alphall (216 muM) and 
alphalG currents (250 muM). 

Nickel block varied with the test potential, with less 
block at potentials 

above -30 mV. Outward currents through the T 
channels were blocked even 

less. We show that depolarizations can unblock the 
channel and that this 

can occur in the absence of permeating ions. We 
conclude that Ni2+ is only 

a selective blocker of alpha 1 H currents and that the 
concentrations 

required to block alphalG and alphall will also 
affect 

high-voltage-activated calcium currents. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The molecular identity of a gene which encodes 
the pore-forming subunit 

(alpha(lG)) of a member of the family of 
low-voltage-activated, * * *T* * * 

- ♦♦♦ty pc >+* , voltage-dependent ***calcium*** 
♦♦♦channels*** 

has been described recently. Although northern 
mRNA analyses have shown 

alpha(lG) to be expressed predominantly in the 
brain, the detailed 

cellular distribution of this protein in the central 
nervous system (CNS) 

has not yet been reported. The current study 
describes the preparation of 

a subunit specific alpha(lG) riboprobe and antiserum 
which have been used 

in parallel in situ mRNA hybridization and 
immunohistochemicai studies to 

localize alpha( 1 G) in the mature rat brain. Both 
alpha(lG) mRNA and 

protein were widely distributed throughout the brain, 
but variations were 

observed in the relative level of expression in 
discrete nuclei. 

Immunoreactivity for alpha(lG) was typically 
localized in both the soma 

and dendrites of many neurons. Whilst alpha(lG) 
protein and mRNA 

expression were often observed in cells known to 
exhibit ***T*** - 

* * *type * * * current activity, some was also noted 
in regions, e.g, 

cerebellar granule cells, in which * * *T* * * - 
***type*** activity has 

not been described. These observations may reflect 
differences between the 

subcellular distribution of channels that can be 
identified by 

immunohistochemicai methods compared with 
electrophysiological techniques. 
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♦ABSTRACT IS AVAILABLE IN THE 
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AB Recent studies of the homozygous tottering 
(Cacnala(tg)) and lethargic 

mouse (Cacnb4(lh)) models of absence seizures 
have identified mutations in 

the genes encoding the alpha 1 A and beta 4 subunits, 
respectively, of 

voltage-gated Ca2+ channels (VGCCs). beta 
subunits normally regulate Ca2+ 

currents via a direct interaction with * **alpha* * * 

(pore-forming) subunits of VGCCs, and VGCCs are 
known to play a 

significant role in controlling the release of 
transmitter from 

presynaptic nerve terminals in the CNS. Because the 
gene mutation in 

Cacnb41h homozygotes results in loss of the beta 4 
subunit's binding site 

for ***alpha*** ***1*** subunits, we 
hypothesized that synaptic 

transmission would be altered in the CNS of 
Cacnb4(lh) homozygotes. We 

tested this hypothesis: by using whole cell recordings 
of single cells in 

an in vitro slice preparation to investigate synaptic 
transmission in one 

of the critical neuronal populations that generate 
seizure activity in 

this strain, the somatosensory thalamus. The primary 
finding reported here 

is the observation of a significant decrease in 
glutamatergic synaptic 

transmission mediated by both N-methyl-D-aspartate 
(NMDA) and non-NMDA 

receptors in somatosensory thalamic neurons of 
Cacnb4(lh) homozygotes 

compared with matched, nonepileptic mice. In 
contrast, there was no 

significant decrease in GABAergic transmission in 
Cacnb41h homozygotes nor 

was there any difference in effects mediated by 
presynaptic GABA, 

receptors. We found a similar decrease in 
glutamatergic but not GABAergic 

responses in Cacnb4(lh) homozygotes, suggesting 
that the independent 

mutations in the two strains each affected P/Q 
channel function by causing 

defective neurotransmitter release specific to 
glutamatergic synapses in 

the somatosensory thalamus. This may bean 
important factor underlying the 

generation of seizures in these models. 
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AB Low voltage-activated Ca2+ channels play 
important roles in pacing 

neuronal firing and producing network oscillations, 
such as those that 

occur during sleep and epilepsy. Here we describe 
the cloning and 

expression of the third member of the ***T*** - 
♦♦♦type*** family, 

alphall or CavT.3, from rat brain. Northern analysis 
indicated that it is 

predominantly expressed in brain, Expression of the 
cloned channel in 

either Xenopus oocytes or stably transfected human 
embryonic kidney-293 

cells revealed novel gating properties. We compared 
these 

electrophysiological properties to those of the cloned 
***T*** . 

♦♦♦type*** channels alphalG and alphalH and to 
the high 

voltage-activated channels formed by alphalEbeta3. 
The alphall channels 

opened after small depolarizations of the membrane 
similar to alpha 1 G and 

alphalH but at more depolarized potentials. The 
kinetics of activation and 

inactivation were dramatically slower, which allows 
the channel to act as 

a Ca2+ injector. In oocytes, the kinetics were even 
slower, suggesting 

that components of the expression system modulate 
its gating properties. 

Steady-state inactivation occurred at higher 
potentials than any of the 

other T channels, endowing the channel with a 
substantial window current. ' 

The alphal I channel could still be classified as 

♦ ♦♦pt** . ***(ype*** 

by virtue of its criss-crossing kinetics, its slow 
deactivation (tail 

current), and its small (11 pS) conductance in 1 1 0 
mM Ba2+ solutions. 

Based on its brain distribution and novel gating 
properties, we suggest 

that alphal I plays important roles in determining the 

electroresponsiveness of neurons, and hence, may be 
a novel drug target. 
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AB Low voltage-activated ( ***T*** - ***type*** 
) calcium currents are 

observed in many central and peripheral neurons and 
display distinct 

physiological and functional properties. Using in situ 
hybridization, we 

have localized central and peripheral nervous system 
expression of three 

transcripts (alphalG, alphalH, and alphall) of the 
***-r/*** . 

♦♦♦type*** ***calcium*** ***channel*** 

family (CavT). Each mRNA 

demonstrated a unique distribution, and expression 
of the three genes was 

largely complementary. We found high levels of 
expression of these 

transcripts in regions associated with prominent 
tetter;*** - ***type*** 

currents, including inferior olivary and thalamic relay 
neurons (which 

expressed alphalG), sensory ganglia, pituitary, and 
dentate gyrus granule 

neurons (alphalH), and thalamic reticular neurons 
(alphall and alphalH). 

Other regions of high expression included the 
Purkinje cell layer of the 

cerebellum, the bed nucleus of the stria terminalis, 
the claustrum 

(alphalG), the olfactory tubercles (alphalH and 
alphall), and the 

subthalamic nucleus (alphall and alphalG). Some 
neurons expressed high 

levels of all three genes, including hippocampal 
pyramidal neurons and 

olfactory granule cells. Many brain regions showed a 
predominance of 

labeling for alphalG, including the amygdala, 
cerebral cortex, rostral 

hypothalamus, brainstem, and spinal cord. 
Exceptions included the basal 

ganglia, which showed more prominent labeling for 
alphalH and alphall, and 

the olfactory bulb, the hippocampus, and the caudal 
hypothalamus, which 

showed more even levels of all three transcripts. Our 
results are 

consistent with the hypothesis that differential gene 
expression underlies 

pharmacological and physiological heterogeneity 
observed in neuronal 

***T*** - ♦♦♦type*** calcium currents, and 
they provide a molecular 

basis for the study of ***T*** - ***type*** 
channels in particular 

neurons. 
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♦ABSTRACT IS AVAILABLE IN THE 



ALL AND I ALL FORMATS* 

AB Low-voltage activated Ca2+ channels, which 

posses unique properties 

quite different from those of common (high-voltage 
activated) channels, 

were discovered lj years ago but the first 
♦♦♦alpha*** ( ***1*** ) 

submit has only recently been identified which 
might provide their 

structural basis. However, simultaneously, extensive 
data are being 

accumulated on the functional diversity of 
low- voltage activated Ca2+ 

currents with regard to their pharmacological 
sensitivity, ionic 

selectivity, activation and inactivation kinetics. Such 
diversity 

corresponds to equally prominent heterogeneity in 
the location and 

function of the channels. 
This commentary summarizes the data available in 
an attempt to predict 

a possibly wider structural subdivision of 
low- voltage activated Ca2+ 

channels into subtypes. (C) 1999 IBRO. Published 
by Elsevier Science Ltd. 
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♦ABSTRACT IS AVAILABLE IN THE 
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AB Polyclonal antibodies were raised against a 
common and a specific 

epitope present only in longer alpha IE isoforms of 
voltage-gated Ca2+ 

channels, yielding an "anti-E-com" and an 
"anti-E-spec M serum, 

respectively. The specificity of both sera was 
established by 

immunocytochemistry and immunoblotting using 
stably transfected HEK-293 

cells or membrane proteins derived from them. Cells 
from the insulinoma 

cell line INS-1, tissue sections from cerebellum, and 
representative 

regions of gastrointestinal tract were stained 
immunocytochemically. INS-1 

cells expressed an alpha IE splice variant with a 



longer carboxy terminus, 

the so-called alpha lEe isoform. Similarity, in rat 
cerebellum, which was 

used as a reference system, the anti-E-spec serum 
stained somata and 

dendrites of Purkinje cells. Only faint staining was 
seen throughout the 

cerebellar granule cell layer. After prolonged 
incubation times, neurons 

of the molecular layer were stained by anti-E-com, 
suggesting that a 

shorter alpha IE isoform is expressed at a lower 
protein density. In human 

gastrointestinal tract, endocrine cells of the antral 
mucosa (stomach), 

small and large intestine, and islets of Langerhans 
were stained by the 

anti-E-spec serum. In addition, staining by the 
anti-E-spec serum was 

observed in Paneth cells and in the smooth muscle 
cell layer of the lamina 

muscularis mucosae. We conclude that the longer 
alpha lEe isoform is 

expressed in neuroendocrine cells of the digestive 
system and that, in 

pancreas, alpha lEe expression is restricted to the 
neuroendocrine part, 

the islets of Langerhans. alpha IE therefore appears 
to be a common 

voltage-gated Ca2+ channel linked to 
neuroendocrine and related systems of 

the body. 
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AB Expression of ***calcium*** ***channel*** 
***alphal*** 

subunits in oocytes or cell lines has proven to be a 
powerful method in 

the analysis of structure-function relations, but these 
experimental 

systems are of limited value in the examination of 
neuron-specific 

functions such as transmitter release. Cell lines 
derived from neurons are 

often capable of these functions, but their intrinsic 
***calcium*** 

•♦♦channel*** ***alphal*** subunits are 
complicating factors in 

experimental design. We have examined the 
biophysical and molecular 

properties of ***calcium*** ***channels*** 
in a little studied 

neuroblastoma-glioma hybrid cell line, 140-3, a close 
relative of the 

NG108-15 cell line, to test whether this cell line 
might serve a role as 

an expression system for neural mechanisms. This 
cell was selected as it 

contains an intact transmitter release mechanism yet 
secretes little in 

response to depolarization. Patch-clamp recording 
revealed only a 

prominent low-threshold, rapidly inactivating 
calcium current with a 

single-channel conductance of approximately 7 pS 



that was identified as 

***T*** ***type*** .A search for 
***calcium*** ***channel*** 

* * *alpha 1 * * * subunit messenger RNA in the 
140-3 cells with three 

different tests only revealed alpha 1C, whereas 
alpha lA-alphalC were 

present in the parent NG108-15 line. We made a 
particular effort to search 

for alphalE, since this subunit has been associated 
with a 

low-voltage-activated current. Our findings suggest 
that, since the 

principal nerve tenriinal-associated * * *calcium* * * 
•♦♦channels*** 

(alpha 1 A, alphalB, alphalE) are absent in the 140-3 
cell, this cell line 

may prove a particularly useful model for the 
analysis of the role of 

high-voltage-activated ***calcium* #+ 
♦•♦channels*** in complex 

functions of neuronal cells. 
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AB Evidence from pharmacological studies suggests 
that induction of the 

acrosome reaction of mammalian spermatozoa by 
solubilized zona pellucida, 

and possibly by progesterone, is dependent upon 
Ca2+ influx through 

voltage-operated Ca2+ channels. Studies on Ca2+ 
accumulation and membrane 

potential in ligand-stimulated or artificially 
depolarized spermatozoa 

support such a conclusion. Electrophysiological 
studies on rodent 

spermatogenic cells have revealed the presence of a ' 

•♦•type*** voltage-operated Ca2+ current. This 
current has 

pharmacological attributes consistent with those of 
the putative channel 

responsible for Ca2+ influx mediating the acrosome 
reaction. However, use 

of molecular techniques to study human and rodent 
testis and spermatogenic 

cells has detected the presence of three different 
voltage-operated Ca2+ 

channel subunits. One of these (. ♦♦♦alpha*** . 
***!♦♦♦ (E))may 

generate T-currents, though this is currently 
disputed. Voltage-operated 

Ca2+ channel structure and the relationship between 
channel subunit 

expression and the characteristics of consequent 
Ca2+ currents is briefly 

reviewed. The nature and function of 
T-channel-mediated Ca2+ influx is 

examined in the contest of the time-course of ligand- 
and 

depolarization-induced elevation of [Ca2+](i) in 
mammalian spermatozoa. It 

is likely that a secondary Ca2+ response 
(mobilization of stored Ca2+ or 

activation of a second Ca2+-influx pathway) is 
required for the acrosome 

reaction. Evidence for the existence and participation 



of various 

candidates is discussed (including voltage-operated 
Ca2+ channels, which 

may be functionally expressed only in mature 
spermatozoa), the available 

evidence favouring a secondary Ca2+-influx 
pathway. Immediate priorities 

for future research in this area arc proposed. 
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TITLE : Structure and functional 

characterization of a novel human 

low-voltage activated ♦♦♦calcium*** 
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AUTHOR: Williams M E; Washburn M S; 
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Journal code: JAV. ISSN: 0022-3042. 
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AB We have isolated and characterized overlapping 
cDNAs encoding a novel, 

voltage-gated Ca2+ channel * **alphal * * * 
subunit, alphalH, from a human 

medullary thyroid carcinoma cell line. The alphalH 
subunit is structurally 

similar to previously described * ♦ *alphal ♦ * * 
subunits. Northern blot 

analysis indicates that alphalH mRNA is expressed 
throughout the brain, 

primarily in the amygdala, caudate nucleus, and 
putamen, as well as in 

several nonneuronal tissues, with relatively high 
levels in the liver, 

kidney, and heart. Ba2+ currents recorded from 
human embryonic kidney 293 

cells transiently expressing alphalH activated at 
relatively 

hyperpolarized potentials (-50 mV), rapidly 
inactivated (tau = 1 7 ms), and 

slowly deactivated. Similar results were observed in 
Xenopus oocytes 

expressing alphalH. Single-channel measurements 
in human embryonic kidney 

293 cells revealed a single-channel conductance of 
approximately 9 pS. 

These channels are blocked by Ni2+ (IC50 = 6.6 
microM) and the ***T*** 

. * * +type * * * channel antagonists mibefradil 
(approximately 50% block at 

1 microM) and amiloride (IC50 = 167 microM). 
Thus, alphalH-containing 

channels exhibit biophysical and pharmacological 
properties characteristic 

of low voltage-activated, or ***T***- 
+**type*** , Ca2+ channels. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB A member of the low-voltage-activated 
♦♦♦calcium^** ♦♦♦channel*** 

family was identified in mouse brain by taking 
advantage of amino acid 

sequences that have been evolutionary conserved. 
The identified sequence 

is similar to that of the recently cloned rat alpha(lG) 

♦♦♦type*** ***calcium*** ***channel*** , 

but there are 

differences in two insertions in the intracellular 
connecting loops. 

Northern blot analysis indicates that its expression is 
strong in the 

brain. In situ hybridization revealed that, in mouse 
brain, the alpha(lG) 

mRNA is found in the cerebellum, hippocampus, 
thalamus and olfactory bulb. 

In contrast to L-type * **calcium** ♦ 
♦♦♦channel*** currents, I-Ba 

and I-Ca through the alpha(lG) channel expressed in 
HEK293 cells did not 

differ in terms of current density, voltage 
dependence of current 

activation, inactivation and deactivation, and speed 
of recovery from 

voltage-dependent inactivation. The kinetics of I-Ca 
inactivation were 

significantly slower than those of I-Ba. The 
expressed alpha(lG) channel 

has a relatively high sensitivity to mibefradil, but is 
only slightly 

affected by Ni2+. 
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AB 1 . The modulatory action of the alpha2delta 
subunit on various 

high-voltage-activated ***calcium # * + 
♦♦♦channels*** has been 

demonstrated previously. However, very little is 
known about auxiliary 

subunit modulation of low-voltage-activated (LVA) 
♦♦♦calcium*** 

♦♦♦channels*** . We have examined the 
modulation of the alphalG subunit 

corresponding to the neuronal ***T*** - 
♦♦♦type*** ***calcium*** 

♦♦♦channel*** by the ubiquitously expressed 
alpha2delta-l and 

brain-specific alpha2delta-3 subunits. 2. The 
alphalG subunit was 

expressed alone or in combination with either the 
alpha2delta-l or 

alpha2delta-3 subunit in human embryonic kidney 
(HEK293) cells and 



whole-cell barium currents were measured. The 
current density-voltage 

relationships for peak and sustained current, kinetics 
of current 

activation and inactivation, voltage dependence of 
current inactivation 

and time course of the recovery from inactivation 
were analysed for each 

type of expressed channel. No significant difference 
was found for any of 

the examined parameters. 3. These results suggest 
that the LVA alphalG 

channel is not regulated by known auxiliary 
alpha2delta subunits. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS ♦ 
AB In primary cultures of rat cerebellar granule 
cells, transcripts of 

voltage-gated Ca2+ channels have been amplified by 
reverse 

transcription-polymerase chain reaction and 
identified by sequencing of 

subcloned polymerase chain reaction products. In 
these neurons cultured 

for six to eight days in vitro, fragments of the three 
major transcripts 

alpha 1C, alpha 1 A, and alpha IE are detected using 
degenerated 

oligonucleotide primer pairs under highly stringent 
conditions. Whole-cell 

Ca2+ current recordings from six to eight days in 
vitro granule cells show 

that most of the current is due to L-type (25%), 
P-type (33%) and R-type 

(30%) Ca2+; channels. These data support the 
correlation between alpha 1A 

and P-type Ca2+ channels (Gl) and between alpha 
IE and R-type channels (G2 

and G3). By including specific primer pairs for alpha 
IE the complimentary 

DNA fragments of indicative regions of alpha IE 
isoforms are amplified 

corresponding to the three most variable regions of 
alpha IE, the 5'-end, 

the II/IIMoop, and the central part of the 3'-end. 
Although the 

complementary DNA fragments of the 5'-end of rat 
alpha IE yield a uniform 



reverse transcription-polymerase chain reaction 
product, its structure is 

unusual in the sense that it is longer than in the 
cloned rat alpha IE 

complementary DNA. It corresponds to the alpha IE 
isoform reported for 

mouse and human brain and is also expressed in 
cerebellum and cerebrum of 

rat brain as the major or maybe even the only variant 
of alpha IE. While 

fragments of a new rat alpha IE isoform are 
amplified from the S'-end, 

three known fragments of the II/III-loop and two 
known isoforms homologue 

to the 3'-coding region are detected, which in the last 
case are 

discriminated by a 129 base pair insertion. The shift 
of the alpha IE 

expression from a pattern seen in cerebellum (alpha 
lEe) to a pattern 

identified in other regions of the brain (alpha 1E-3) 
is discussed. 

These data show that; (i) alpha IE is expressed in 
rat brain as a 

structural homologue to the mouse and human alpha 
IE; and (ii) rat 

cerebellar granule cells in primary culture express a 
set of alpha IE 

isoforms, containing two different sized carboxy 
termini. Since no new 

transcripts of high-voltage-activated Ca2+ channels 
genes are identified 

using degenerate oligonucleotide primer pairs, the 
two isoforms 

differentiated by the 129 base pair insertion might 
correspond to the two 

R-type channels, G2 and G3, characterized in these 
neurons. Functional 

studies including recombinant cells with the 
different proposed isoforms 

should provide more evidence for this conclusion. 
(C) 1999 IBRO. Published 

by Elsevier Science Ltd. 
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AB Voltage operated ***calcium*** 
♦♦•channels*** (VOCCs)are 

implicated in osteoblastic mechano- and hormonal 
transduction. Very 

little, however, is known about the expression of 
VOCCs in osteoblasts of 

load-bearing bones. Here we describe two types of 
whole-cell calcium 

current in rat femoral explant-derived osteoblasts. 
The first is 

high-voltage activated and sensitive to nifedipine, 
Bay K8644 and FPL 

64176. The second is low-voltage activated and is 
sensitive to micromolar 

concentrations of Ni2+. The properties of these two 
currents are 



consistent with those of L-type and ♦♦*T*** - 
♦♦♦type*** calcium 

currents respectively. ***T*** - ***type*** 
currents were detected 

in most cells on the day of passage, the level of 
expression being 

significantly lower on subsequent days. L-type 
currents were also most 

common on the day of passage but were detected 
consistently throughout the 

4-day period of study. The reverse transcription 
polymerase chain reaction 

with non-specific primers directed against all L-type 
VOCC ♦♦♦alpha*** 

+ * * i * * * suouru ts and then with specific primers 
directed against 

sequences from rat brain alpha 1 C (L-type), alpha 
ID (L-type) and alpha 1G 

^ *+* T **« . *** tvpe +«* ) VOCC subunits 
detected transcripts of 

appropriate size in all four cases. Products from the 
three sets of 

specific primer pairs (alpha 1C, alpha ID, alpha 1G) 
were sequenced and 

were identical to their respective rat brain templates. 
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AB Voltage-sensitive ♦♦♦calcium*** 
♦ ♦ ♦ channels^ ♦ ♦ play an important 

role in the excitation-contraction coupling of smooth 
muscle. Several 

subunits form the oligomeric channel complex and 
det. its functional 

properties. Therefore a differential distribution of 
the various channel 

subunits and their splice forms could contribute to 
the functional 

specialization of smooth muscle cells. To test this 
hypothesis, specific 

primers were designed to amplify mRNA from 
vascular and gastrointestinal 

smooth muscle of the rabbit by reverse transcription 
and polymerase chain 

reaction (RT-PCR). The presence of high- and 
low-threshold 

voltage-dependent ♦♦♦calcium^^ 
♦♦♦channels*^ was also examd. in 

a smooth muscle-derived cell line (A7R5). 
Consistent with the physiol. 

data, smooth muscle contains mRNA for the 
pore-forming subunits of high- 

and low-threshold voltage-dependent 
***calcium** # ♦♦♦channels^* , 

.alpha.-lC and .alpha.-lG. Three splice variants of 

the 

. alpha. -lC-subunit were identified in smooth muscle. 
These may affect 

dihydropyridine binding and the interaction between 
the . alpha.- 1C and the 

.beta.-subunit. In addn., three of the four cloned 
.beta. -subunits 

(.beta. -lb, .beta. -2, and .beta. -3) could be found in 
all smooth muscle 

tissues examd. These data demonstrate that various 
splice forms of the 

L-type ♦♦♦calciunr* +# ♦♦♦channel # * + exist in 
smooth muscle tissue. 

Moreover, these expts. also show for the first time 
that smooth muscle 

cells contain mRNA for low-threshold 
voltage-sensitive ♦♦♦calcium*** 



♦♦♦channels*** . Combinations of the 
rxire-forming subunits with one of 

the three .beta.-subunits could account for functional 
differences between 

smooth muscle cells from distinct regions. A better 
understanding of the 

structure and function of these channels may help in 
our understanding of 

diseases affecting smooth muscle and help in the 
development of novel 

drugs targeting these mols. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The Ca channels of male germ-line cells are 
partially characterized, 

but the molecular properties and subcellular 
localization of the Ca 

channels of mature sperm are unknown. Here, we 
probe rodent sperm with 

anti-peptide antibodies directed to cytosolic domains 
of cloned rat brain 

alpha(lA), alpha(lC), and alpha(lE) Ca channel 
subunits. Each recognizes a 

200- to 245 -kDa band on immunoblots of whole rat 
sperm extracts. A smaller 

(similar to 1 10-kDa) alpha(lC) band also is 
detected. Confocal 

fluorescence images of mouse sperm show 
characteristic patterns of 

punctate alpha(lA)-, alpha(lC)-, and 
alpha( 1 E)-immunoreactivity . For 

alpha(l A) the puncta are larger, less numerous, and 
more variable in 

distribution than for alpha(lC) and alpha(lE). They 
are absent from the 

acrosomal crescent, but are present elsewhere over 
the sperm head, often 

at the apical tip and equatorial segment. They also 
are found at irregular 

intervals along both the midpiece and the principal 
piece of the 

flagellum. For alpha(lC) and alpha(lE), puncta are 
dense along dorsal and 



ventral aspects of the acrosomal cap. For alpha(lE) 
but not alpha(lC), the 

remainder of the acrosomal region also is labeled. 
Neither is found in the 

postacrosomal region or on the midpiece. Puncta of 
alpha(lC) and alpha(lE) 

occur at regular intervals each in two parallel rows, at 
the dorsal and 

ventral aspects of the proximal segment of the 
flagellar principal piece. 

The puncta in these arrays become less abundant and 
intense in the distal 

flagellum. These results demonstrate that multiple 
Ca channel proteins are 

present in mature sperm and are regionally localized 
in ways that may give 

them different regulatory roles. (C) 1999 Academic 
Press. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND JALL FORMATS* 
AB Calcium influx through voltage-dependent 
♦♦♦calcium*** 

***channels ++ * regulates the physiological 
acrosome reaction of 

mammalian spermatozoa. Expression of the mRNA 
for these voltage-dependent 

♦♦♦calcium*** ♦♦♦channels^** and its 
co-ordinated translation is 

initiated early in rat mate germ line development and 
continues throughout 

spermatogenesis. Herein, we report the complete 
mRNA and deduced amino 

acid sequence of the ♦♦*alpha+** ***1*** (C) 
pore-forming subunit 

of the rat testis-specific L-type ♦ * *calcium* ** 
♦♦•channel**^ . 

This subunit is transcribed from the ♦♦♦alpha*** 
♦*♦!*** (C)gene, 

which is also expressed in brain and cardiac muscle. 
The cardiac- and 

testis-specific isoforms of the ale subunit are 
produced by alternate 

splicing of the same primary transcript. The 
testis-specific isoform 

differs from that of cardiac tissue at its amino 
terminus and in 

transmembrane segments IS6, IIIS2 and IV S3, 
which are also dihydropyridine 

binding sites. In somatic tissues, segments S2 and S3 
regulate channel 

activation while the amino terminus and segment 
IS6 contribute to channel 

inactivation kinetics. The amino terminus and IS6 
segment of the 

testis-specific ♦♦♦alpha*** ***!*** (c) 
subunit are also expressed 

respectively, in the brain and in smooth muscle from 
lung where they alter 

the electrophysiological characteristics of the subunit 
to produce 

relatively slow inactivation kinetics. These findings 
provide a molecular 

explanation for the detection by others, by patch 
clamp analysis, of 

***T*** - ***type** + calcium currents in 
immature spermatogenic cells 

and of atypical L-type calcium currents in mature 
spermatozoa. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Neuronal voltage-dependent Ca2+ channels are 
heteromultimers of 

♦♦♦alpha*** ( ***1*** ), beta, and 
alpha(2)delta subunits, and any one 

of five ***alpha*** ( ***\*** ) subunits 
(alpha(l A-E)) may associate 

with one of four beta subunits (beta(l -4)) The 
specific ♦♦♦alpha*** ( 

* * * 1 * * * )-beta combination assembled 
determines single-channel 

properties, while variation in the proportion of each 
combination 

contributes to the functional diversity of neurons. 
The mouse mutant 

lethargic (lh) exhibits severe neurological defects 
due to a mutation that 

deletesthe ***alpha +++ ( ♦♦♦!♦♦* )subunit 
interaction domain of the 

beta(4) subunit. Since beta subunits regulate critical 
♦♦♦alpha*** ( 

♦**]♦** ) subunit properties in heterologous 
expression systems, loss of 

beta(4) in lethargic could dramatically alter channel 
localization and 

behavior unless beta(l-3), subunits can be used as 
substitutes in vivo. 

Here we demonstrate increased steady-state 
associations of alpha(lA) and 

alpha(lB) with the remaining beta(l-3), subunits, 
without significant 

changes in beta(l-3), mRNA abundance. The 
immunolocalization of alpha(lA) 

and alpha(lB) protein in lethargic brain is 
indistinguishable from 

wild-type by light microscopy. Furthermore, the 
measurement of 

large-amplitude beta-type currents in dissociated 
lethargic Purkinje 

neurons indicates that these alpha(lA>containing 
channels retain 

regulation by beta subunits. We conclude that 
several properties of 

alpha(lA) and alpha(lB) proteins are not uniquely 
regulated by beta(4) in 

vivo and may be rescued by beta(l -3) subunit 
reshuffling. The complex 

neurological manifestation of the lethargic mutation 
therefore emerges 

from loss of beta(4) coupled with the widespread 
pairing of surrogate beta 

subunits with multiple Ca2+ channel subtypes. The 
existence of beta 

subunit reshuffling demonstrates that molecular 
plasticity of Ca2+ channel 

assembly, a normal feature of early brain 
development, is retained in the 

mature brain. 
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AB The structure of CACNA1 G, the gene encoding 
alpha 1G, a human brain T Ca2+ 

channel * * *alphal * * * subunit, was determined 
by comparison of 

polymerase chain reaction-amplified brain cDNA 
and genomic sequences. The 

gene consists of at least 38 exons, two of them 
newly-identified, spanning 

at least 66490 basepairs of chromosome 17q22. 
Alternative splicing of the 

RNA occurs at six sites: cassette exons 14, 26, 34 
and 35, an internal 

donor in exon 25 and protein-coding intron 38B. 
Additionally, the RNA can 

be polyadenylated at either of two sites. Alternative 
splicing of CACNA1G 

RNA may lead to expression of as many as 24 
distinct protein products, 

ranging from 21 71 to 2377 amino-acids residues. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND I ALL FORMATS* 
AB The structure of CACNA 1 1, the gene encoding 
alpha(l I), a human brain T 

Ca2+ channel ***alpha**+ ( **+!*+* ) subunit, 
was determined by 

comparison of polymerase chain reaction-amplified 
brain cDNA and genomic 

sequences. The gene consists of at least 36 exons 
spanning at least 115 

168 basepairs of chromosome 22ql 2.3-1 3.2. The 
predicted protein has 2016 

amino acids and 28 potential phosphorylation sites. 
Alternative splicing 

of the gene occurs at two sites: cassette exon 9 and 
an alternative 

acceptor in exon 33. Molecular diversity generated 
by alternative splicing 

and post-translational modification of this and other 
members of the T 

***alpha*** ( ***1*** ) subunit gene family 
may account for the 

observed heterogeneity of T currents in central 
neurons. (C) 1999 Elsevier 

Science Ireland Ltd. Ail rights reserved. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND I ALL FORMATS* 
AB Nineteen genes encoding ***alpha*** ( 
***1*** ), beta, gamma, or 

alpha(2)delta voltage-dependent ***calcium*** 
♦♦♦channel*** 

subunits have been identified to date. Recent studies 
have found that 

three of these genes are mutated in mice with 
generalised cortical 

spike-wave discharges (models of human absence 
epilepsy), emphasising the 

importance of ***calcium*** ***channels*** 
in regulating the 

expression of this inherited seizure phenotype. The 
tottering (tg) locus 

encodes the ***calcium*** ***channel* # * 
♦♦♦alpha*** ( ***!♦♦* 

) subunit gene Cacnala, lethargic (Ih) encodes the 
beta subunit gene 

Cacnb4, and stargazer (stg) encodes the (gamma) 
over dot subunit gene 

Cacng2. These ♦♦♦calcium*** ***channel*** 



mutants should provide 

important insights into the basic mechanisms of 
neuronal synchronisation, 

and the genes may be considered candidates for 
involvement in similar 

human disorders. The mutant models offer an 
important opportunity to 

elucidate the molecular, developmental, and 
physiological mechanisms 

underlying one subtype of absence epilepsy. Since 
***calcium*** 

♦♦♦channels* *♦ are involved in numerous 
cellular functions, including 

proliferation and differentiation, membrane 
excitability, neurite 

outgrowth and synaptogenesis, signal transduction, 
and gene expression, 

their role in generating the absence epilepsy 
phenotype may be complex. A 

comparative analysis of channel function and neural 
excitability patterns 

in tottering, lethargic, and stargazer brain should be 
useful in 

identifying the common elements of 
***calcium*** ♦♦♦channel*** 

involvement in these absence models. (C) 1999 
Elsevier Science B.V. All 
rights reserved. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The direct electrophysiological characterization 
of sperm Ca2+ channels 

has been precluded by their small size and flat shape. 
An alternative to 

study these channels is to use spermatogenic cells, 
the progenitors of 

sperm, which are larger and easier to patch-clamp. In 
mouse and rat, the 

only voltage-dependent Ca2+ currents displayed by 
these cells are of the 

♦** t yp e *** Because com pounds 
that block these currents 

inhibit the zona pellucida-induced Ca2+ uptake and 
the sperm acrosome 

reaction (AR) at similar concentrations, it is likely 
that they are 

fundamental for this process. Recent single channel 
recordings in mouse 

sperm demonstrated the presence of a CI- channel. 
This channel and the 



zona pellucida (ZP)-induced AR were inhibited by 
niflumic acid (NA), an 

anion channel blocker [Espinosa et al. (1998): FEBS 
lett 426:47-51]. 

Because NA and other onion channel blockers 
modulate cationic channels as 

well, it became important to determine whether they 
affect the ***T*** 

. ++* t y pe *** Ca2+ currents of spermatogenic 

cells. These currents were 

blocked in a voltage-dependent manner by NA, 
1 ,9-dideoxyforskolin (DDF), 

and 5-nitro-2-(3-phenylpropylamine)benzoic acid 
(NPPB). The IC50 values at 

-20 m V were 43 mu M For NA, 28 mu M for DDF, 
and 15 muM for NPPB. 

Moreover, DDF partially inhibited the ZP-induced 
AR (40% at 1 mu M) and 

NPPB displayed on IC50 value of 6 mu M For this 
reaction. These results 

suggest that NA and DDF do not inhibit the 
ZP-induced AR by blocking 

***T*** - ***type*** Ca2+ currents, while 
NPPB may do so. 

Interestingly 200 mu M NA was basically unable to 
inhibit alpha IE Ca2+ 

channels expressed in Xenopus oocytes, questioning 
that this alpha subunit 

codes for the ***T*** - **+type*** Ca2+ 
channels present in 

spermatogenic cells. Evidence for the presence of 
alpha 1C, alpha 1G, and 

alpha 1H in mouse pachytene spematocytes and in 
round and condensing 

spermatids is presented. Dev. Genet. 25:103-1 14, 
1999. (C) 1999 

VViley-Liss, Inc. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 

AB 1 . The effect has been examined of the accessory 
alpha 2-delta and beta 

subunits on the properties of alpha 1 G-currents 
expressed in monkey COS-7 

cells and Xenopus oocytes. 
2. In immunocytochemical experiments, the 
co-expression of alpha 

2-delta increased plasma membrane localization of 
expressed alpha 1G and 

conversely the heterologous expression of alpha 1G 
increased 

immunostaining for endogenous alpha 2-delta, 
suggesting an interaction 
between the two subunits. 



3. Heterologous expression of alpha 2-delta 
together with alpha 1 G in 

COS-7 cells increased the amplitude of expressed 
alpha 1G currents by 

about 2-fold This finding was confirmed in the 
Xenopus oocyte expression 

system. The truncated delta construct did not 
increase alpha 1G current 

amplitude, or increase its plasma membrane 
expression. This indicates that 

it is the exofacial alpha 2 domain that is involved in 
the enhancement by 

alpha 2-delta. 

4. beta lb also produced an increase of functional 
expression of alpha 

1 G, either in the absence or the presence of 
heterologously expressed 

alpha 2-delta, whereas the other beta subunits had 
much smaller effects. 

5. None of the accessory subunits had any marked 
influence on the 

voltage dependence or kinetics of the expressed 
alpha 1G currents. These 

results therefore suggest that alpha 2-delta and beta 
lb interact with 

alpha 1G to increase trafficking of, or stabilize, 
functional alpha 1G 

channels expressed at the plasma membrane. 

L6 ANSWER 56 OF 104 BIOSIS COPYRIGHT 
2001 BIOSIS DUPLICATE 16 
ACCESSION NUMBER: 2000:85729 BIOSIS 
DOCUMENT NUMBER: PRE V20OOOO08 5729 
TITLE: Determinants of voltage-dependent 

inactivation affect 

Mibefradil block of ***calcium*** 
♦♦♦channels"* . 

AUTHOR(S): Jimenez, Cristina; Bourinet, 
Emmanuel; Leuranguer, Valerie; 

Richard, Sylvain; Snutch, Terry P.; 
Nargeot, Joel(l) 

CORPORATE SOURCE: ( 1 ) Institut de Genetique 
Humaine, CNRS UPR1 142, 141 Rue de 

la Cardonille, 34396, Montpellier Cedex 5 

France 

SOURCE: Neuropharmacology, Pec. 17, 1999) 

Vol. 39, No. l,pp. 

1-10. 

ISSN: 0028-3908. 
DOCUMENT TYPE: Article 
LANGUAGE: English 
SUMMARY LANGUAGE: English 
AB The voltage gated ***calcium*** 
♦♦♦channel*** family is a major 

target for a range of therapeutic drugs. Mibefradil 
(Ro 40-5967) belongs 

to a new chemical class of these molecules which 
differs from other Ca2+ 

antagonists by its ability to potently block ♦♦♦T*** 
- ♦♦♦type*** 

Ca2+ channels. However, this molecule has also 
been shown to inhibit other 

Ca2+ channel subtypes. To further analyze the 
mechanism governing the Ca2+ 

channel-Mibefradil interaction, we examined the 
effect of Mibefradil on 

various recombinant Ca2+ channels expressed in 
mammalian cells from their 

cloned cDNAs, using Ca2+ as the permeant ion at 
physiological 

concentration. Expression of alpha 1 A, alpha 1C and 
alphalE in tsA 201 cells 

resulted in Ca2+ currents with functional 
characteristics closely related 

to those of their native counterparts. Mibefradil 
blocked alphal A and 

alphalE with a Kd comparable to that reported for 

channels, but had a lower affinity (apprx30-fold) for 
alphal C. For each 

channel, inhibition by Mibefradil was consistent 
with high-affinity 

binding to the inactivated state. Modulation of the 
voltage-dependent 

inactivation properties by the nature of the 
coexpressed beta subunit or 

the ***alphal*** splice variant altered block at 
the Mibefradil 

receptor site. Therefore, we conclude that the tissue 



and sub-cellular 

localization of ***calcium*** ***channel*** 
subunits as well as 

their specific associations are essential parameters to 
understand the in 

vivo effects of Mibefradil. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB We describe the first potent and selective 
blocker of the class E 

Ca2+-channel. SNX-482, a novel 41 amino acid 
peptide present in the venom 

of the African tarantula, Hysterocrates gigas, was 
identified through its 

ability to inhibit human class E Ca2+ channels stably 
expressed in a 

mammalian cell line. An IC50 of 15-30 nM was 
obtained for block of the 

class E Ca2+ channel, using either patch clamp 
electrophysiology or 

K+-evoked Ca2+ flux. At low nanomolar 
concentrations, SNX-482 also blocked 

a native resistant or R-type Ca2+ current in rat 
neurohypophyseal nerve 

terminals, but concentrations of 200-500 nM had no 
effect on R-type Ca2+ 

cut-rents in several types of rat central neurons. The 
peptide has the 

sequence 

GVDKAGCR YMFGGCS VNDDCCPRLGCHSLFS Y 
CAWDLTFSD-OH and is homologous to 

the spider peptides grammatoxin SI A and hanatoxin, 
both peptides with very 

different ion channel blocking selectivities. No 
effect of SNX-482 was 

observed on the following ion channel activities: 
Na+ or K+ currents in 

several cultured cell types (up to 500 nM); K+ 
current through cloned 

potassium channels Kvl . 1 and Kvl .4 expressed in 
Xenopus oocytes (up to 140 

nM); Ca2+ flux through L- and ***T**» - 
♦♦♦type*** Ca2+ channels in 

an anterior pituitary cell line (GH3, up to 500 nM); 



and Ba2+ current 

through class A Ca2+ channels expressed in 
Xenopus oocytes (up to 280 nM). 

A weal; effect was noted on Ca2+ current through 
cloned and stably 

expressed class B Ca2+ channels (IC50 > 500 nM). 
The unique selectivity of 

SNX-482 suggests its usefulness in studying the 
diversity, function, and 

pharmacology of class E and/or R-type Ca2+ 
channels. 
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AB Voltage-dependent Ca2+ channels are a major 
pathway for Ca2+ entry in 

neurons. We have studied the electrophysiol., 
Pharmacol., and mol. 

properties of voltage-gated Ca2+ channels in 
motoneurons of the rat facial 

nucleus in slices of the brainstem. Most facial 
motoneurons express both 

low voltage-activated (LVA) and high 
voltage-activated (HVA) Ca2+ channel 

currents. The HVA current is composed of a no. of 
Pharmacol, separable 

components, including 30% of N-type and .apprx.5% 
of L -type. Despite the 

dominating role of P-type Ca2+ channels in 
transmitter release at facial 

motoneuron terminals described in previous studies, 
these channels were 

not present in the cell body. Remarkably, most of 
the HVA current was 

carried through a new type of Ca2+ channel that is 
resistant to toxin and 

dihydropyridine block but distinct from the R-type 
currents described in 

other neurons. Using reverse transcription followed 
by PCR amplification 

(RT-PCR) with a powerful set of primers designed 
to amplify all HVA 

subtypes of the. ***alpha+** . ***!•** 
-subunit, we identified a 

highly heterogeneous expression pattern of Ca2+ 
channel. ***alpha*** . 

***]*** -subunit mRNA in individual neurons 
consistent with the Ca2+ 

current components found in the cell bodies and 
axon terminals. We 

detected mRNA for .alpha. 1 A in 86% of neurons, 
.alpha. IB in 59%, .alpha, 1C 

in 18%, .alpha. ID in 18%, and .alpha. IE in 59%. 
Either . alpha. 1 A or 

.alpha. IB mRNAs (or both) were present in all 
neurons, together with 

various other . ♦♦♦alpha*** . -subunit 
mRNAs. The most 

frequently occurring combination was .alpha. 1 A with 
.alpha. IB and 

.alpha. IE. Taken together, these results demonstrate 
that the Ca2+ 

channel pattern found in facial motoneurons is highly 
distinct from that 

found in other brainstem motoneurons. 
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AB Recently, two members of a new family of Ca2+ 
channel ***alphal*** 

subunits, alphalG (or CavT.l) and alphalH (or 
CavT. 2), have been cloned 

and expressed. These ***alphal*** subunits 
generate Ba2+ currents 

similar to the ♦♦♦T*** - ♦♦♦type*** Ca2+ 
currents present in sensory 

neurons. Here, we use three methods to investigate 
whether the T currents 

of nodosus ganglion neurons are encoded by 
members of the CavT family. PCR 

detected the presence of mRNA encoding both 
alpha 1G and alphalH, as well 

as a third highly related sequence, alpha II. In situ 
hybridizations 

performed on nodosus ganglia demonstrate a high 
expression of alphalH 

subunit RNAs. Transfection of nodosus ganglion 
neurons with a generic 

antisense oligonucleotide against this new 
***a!phal*** subunit family 

selectively suppresses the low-voltage-activated 
Ca2+ current. The 

antisense oligonucleotide effect increased with time 
after transfection 

and reached a maximum 3 d after treatment, 
indicating a 2-3 d turnover for 

the ***alphal*** proteins. Taken together, these 
results suggest that 

the +**T*** - ***type*** current present in the 
sensory neurons is 

mainly attributable to alphalH channels. In addition, 
taking advantage of 

the high specificity of the antisense ON to the cloned 
channels, we showed 

that *** T +*+ . *+* typ€ +** currents greatly 

slowed the repolarization 

occurring during an action potential and were 
responsible for up to 51% of 

the Ca2+ entry during spikes. Therefore, the 
antisense strategy clearly 

demonstrates the role of low-voltage-activated Ca2+ 
current in affecting 

the aflerpotential properties and influencing the cell 
excitability. Such 

tools should be beneficial to further studies 
investigating physiological 

roles of ***T*** - ♦♦♦type*** Ca2+ currents. 
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AB We have studied Ca2+ homeostasis in a unique 
model of human neurons, the 

NT2N cell, which differentiates from a human 
teratocarcinoma cell line, 

NTera2/Cl.Dl by retinoic acid treatment. When 
perifused with Krebs-HEPES 

buffer containing 2.5 mM CaC12, fura-2 loaded 
NT2N cells produced 

spontaneous cytosolic Ca2+ oscillations, or Ca2+ 
transients. These 

cytosolic Ca2+ transients were not blocked by 
antagonists of glutamate 

(6-cyano-7-nitroquinoxaline-2,3-dioneand 
D(-)-2-amino-5- 

phosphonopentanoic acid) or muscarinic (atropine) 
receptors. Omission of 

extracellular Ca2+ completely abolished Ca2+ 
oscillations and decreased 

the average Ca2+ level from 106 +/- 14 nM to 59 +/- 
8 nM. Addition of the 

L-type Ca2+ channel blocker nifedipine (1 or 10 
microM) or of the N-type 

inhibitor omega-conotoxin GVIA (5 microM) 
significantly, although 

incompletely, suppressed Ca2+ oscillations, while 
omega-conotoxin MVIIC (5 

microM), a selective antagonist of P- and 
Q-channels, had no effect. Ni2+, 

at 100 microM, a concentration selective for 
***T*** _ ***type*** 

channels, did not inhibit Ca2+ transients. 
Non-specific blockage of Ca2+ 

channels by higher concentrations of Ni2+ (2-5 mM) 
or Co2+ (1 mM) 

abolished Ca2+ oscillations completely. The 
endoplasmic reticulum 

Ca2+-ATPase inhibitor, thapsigargin (1 microM), 
slightly decreased Ca2+ 

oscillation frequency, and induced a small transitory 
increase in the 

average cytosolic Ca2+ concentration. The mRNAs 
of L- (alphalD subunit) 

and N-type (alphalB subunit) Ca2+ channel were 
present in NT2N cells, 

while that of a *♦+!***- **+type*** Ca2+ 
channel ( ***alphal*** 

-subunit) was not present in the NT2N cells as 
shown by reverse 

transcription-polymerase chain reaction. In 
conclusion, NT2N neuronal 

cells generate cytosolic Ca2+ oscillations mainly by 
influx of 

extracellular Ca2-f through multiple channels, which 
include L- and N-type 

channels, and do not require activation of glutamate 
or muscarinic 

receptors. 
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AB Calcium influx is an absolute requirement for the 
physiological acrosome 

reaction in sperm from all sources examined, both 
invertebrate and 

mammalian. Pharmacological studies suggest that the 
major channel in the 

sperm head plasma membrane responsible for 
modulating calcium entry and 

intracellular ionized calcium levels could be either 
an L-type (a class of 

high voltage-activated) or a ***T*** - 



"•"type* 



(low 



voltage-activated) voltage-dependent 
***calcium +++ ***channel*** . 

Patch clamp analysis of calcium currents in immature 
spermatogenic cells 

demonstrates the presence of *++T+** - 
***type* + * currents. 

Therefore, an argument has been put forth that the 
acrosome reaction of 

ejaculated sperm is regulated by a ♦♦•T*** - 
♦♦♦type*** 

♦♦♦calcium*** ♦♦♦channel*** . However, 
indirect analysis of calcium 

currents in mature sperm after transfer of ion 
channels to planar lipid 

bilayers detects three current types, including that 
similar, but not 

identical, to an L-type channel, but no ++*T*** - 
♦**type*** 

currents. Molecular cloning of the ♦♦•alpha*** - 
***\*** pore 

forming subunit of * * * calcium* * * 
♦♦♦channels^** expressed in the 

male reproductive tract and in ejaculated sperm has 
resolved this 

controversy, demonstrating the existence of only 
high voltage-activated 

channels. Further analysis of the ***alpha** + - 
♦♦♦1*** subunit 

isoform from rat and human testis and sperm 
suggests that, as a result of 

alternate splicing, this L-type ♦♦♦alpha*** - 
+++]*+* subunit could 

produce calcium currents that were T-like, e.g., 
transient, rapidly 

inactivating with slow deactivation. Multiple splice 
variants of this 

isoform were detected in human testis, suggesting a 
correlation with 

intra-individual variation in the ability of sperm to 
undergo an induced 

acrosome reaction and with male infertility. These 
variants could be 

developed as useful biomarkers for susceptibility to 
environmental and 

occupational toxicants. Knowledge of 
♦♦♦calcium*** ***channets*** 

structure will also contribute to design of new male 
contraceptives based 

on existing ***calcium*** ***channel*** 
antagonists. 
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AB Cells derived from a rat pituitary tumor (GC cell 
line) that continuously 

release growth hormone behave as endogenous 
pacemakers. In simultaneous 

patch clamp recordings and cytosolic Ca2+ concn. 
([Ca2+]i) imaging, they 

displayed rhythmic action potentials (44.7 mV, 1 78 
ms, 0.30 Hz) and 

concomitant [Ca2+]i transients (374 nM, 1 .0 s, 0.27 
Hz). Action 

potentials and [Ca2+]i transients were reversibly 
blocked by removal of 

external Ca2-»-, addn. of nifedipine (1 .mu.M) or 
Ni2+ (40 .mu.M), but were 

insensitive to TTX (1 .mu.M). An L-type Ca2+ 
current activated at -33.6 

mV (holding potential (Vh), -40 mV), peaked at -1.8 
mV, was reduced by 

nifedipine and enhanced by S-(+>SDZ 202791 . A 
T/R-type Ca2+ current 

activated at -41.7 mV (Vh, -80 or -60 mV), peaked 
at -9.2 raV, was reduced 

by low concns. of Ni2+ (40 .mu.M) or Cd2+ (10 
.mu.M) and was 

toxin-resistant. Parallel expts. revealed the 
expression of the class E 

***calcium*** •♦♦channel*** . * •♦alpha*** 
»**!*♦* - su bunit 

rnRNA. The K+ channel blockers TEA (25 mM) 
and charybdotoxin ( 1 0- 1 00 nM) 

enhanced spike amplitude and/or duration. Apamin 
( 1 00 nM) also strongly 

reduced the after-spike hyperpolarization. The 
outward K+ tail current 

evoked by a depolarizing step that mimicked an 
action potential reversed 

at -69.8 mV, presented two components, lasted 2-3 s 
and was totally 

blocked by Cd2+ (400 .mu.M). The slow pacemaker 
depolarization (3.5 s) 

that sepd. consecutive spikes corresponded to a 
2-3-fold increase in 

membrane resistance, was strongly Na+-sensitive, 
but TTX-insensitive. 

Computer simulations showed that pacemaker 
activity can be reproduced by a 

min. of six currents: an L-type Ca2+ current 
underlies the rising phase of 

action potentials that are repolarized by a delayed 
rectifier and 

Ca2+-activated K+ currents. In between spikes, the 
decay of 

Ca2+-activated K+ currents and a persistent inward 
cationic current 

depolarize the membrane, activate the T/R-type 
Ca2+ current and initiate a 

new cycle. 
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AB Voltage-gated ***calcium*** 
* * *channels*** can be classified into 

high voltage activated (HVA) and low voltage 
activated (LVA or ***T*** 

_ *** t y pe *** ) subtypes. The molecular diversity 
of HVA channels 

primarily results from different genes encoding their 
pore-forming 

** *alphal * * * subunits. These channels share a 
common structure with an 

** *alphal * ** subunit associated with at least two 
regulatory subunits 

(beta, alpha2-delta). Any of the six ♦♦ ♦alpha 1 ** * 
-related channels 

identified to date are regulated in their functional 
properties through an 

interaction with the ancillary beta-subunit. By 
contrast, the diversity 

and the molecular identity of LVA or **+T*** - 
•••type*** 

♦•♦calcium*** ***channels* ++ have yet to be 
defined. Whether LVA 

channels are modulated by a beta-subunit, like HVA 
channels, is unknown. 

To address this issue, we have used an antisense 
strategy to inhibit 

beta-subunit expression in the NG 108-15 
neuroblastoma cell line. 

Differentiated NG 108-15 cells express both LVA 
and HVA channels. We found 

that LVA currents were unaffected when cells were 
incubated with 

beta-antisense, while HVA currents were drastically 
decreased. Since LVA 

Ca channel currents in NG 108-15 cells are not 
regulated by beta-subunits, 

it is reasonable to postulate that the pore-forming 
subunit(s) of these 

channels lacks an interaction domain with a 
beta-subunit (AID). This 

molecular feature, which is common to various 

channels, indicates further that LVA 
***calcium*** ***channels*** 

belong to a channel family structurally distant from 
HVA channels. 
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AB The electrophysiology of neonatal rat ventricular 
myocytes with and 

without hypertrophy has not been characterized. The 
♦♦♦alphal*** 

-adrenergic agonist phenylephrine induced 
hypertrophy in neonatal rat 

ventricular myocytes. After 48 h of exposure to 20 



microM phenylephrine, 

cell surface area of hypertrophied myocytes was 44% 
larger than control. 

Action potential duration was significantly longer in 
hypertrophy than in 

control. There was an increase in L-type Ca2+ 
current in control after 48 

h in culture, but current density was significantly less 
in hypertrophy 

(-4.7 +/- 0.8 hypertrophy vs. -10.7 +/- 1.2 control 
pA/pF, n = 22, P < 

0.05). *"T"* - ♦"type*" Ca2+ current 
density was not different. 

The alpha-adrenergic antagonist prazosin blocked the 
hypertrophy and the 

chronic effect of phenylephrine on L-type Ca2+ 
current. Transient outward 

K+ current density was decreased 70% in 
hypertrophy and was blocked with 

4-aminopyridine. No change in Na+ current density 
was observed. 

Staurosporine, a protein kinase C inhibitor, 
eliminated the hypertrophy 

and the effect on L-type Ca2+ current. These studies 
showed that 

phenylephrine-induced hypertrophy occurred via the 
"♦alphal"* 

-adrenergic pathway and caused electrophysiological 
changes and effects on 

ion channel expression. 
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AB 1 . High voltage activated (HVA) Ca2+ channels 
are composed of a 

pore-forming ♦"alpha*" "*1*" subunit 
and the accessory beta 

and alpha2-delta subunits. However, the subunit 
composition of low voltage 

activated (LVA), or ***T*** - ***type*** , 
Ca2+ channels has yet to 

be elucidated. We have examined whether native 
"♦calcium*" 

♦♦♦channels*** in NG108-15 mouse 
neuroblastoma x rat glioma hybrid 

cells, which express predominantly LVA currents 
when undifferentiated, are 

modulated by overexpression of accessory 
♦♦♦calcium*** ***channel*** 

subunits. 2. Endogenous alpha 1 A, B, C, C, and E, 



and low levels of beta 

and alpha 2-delta subunit protein were demonstrated 
in undifferentiated 

NG108-15 cells. 3. The alpha 2-delta, beta 2a or beta 
lb accessory 

subunits were overexpressed by transfection of the 
cDNAs into these cells, 

and the effect examined on the endogenous Ca2+ 
channel currents. 

Heterologous expression, particularly of alpha 
2-delta but also of beta 2a 

subunits clearly affected the profile of these currents. 
Both subunits 

induced a sustained component in the currents 
evoked by depolarizing 

voltages above -30 mV, and alpha 2-delta 
additionally caused a 

depolarization in the voltage dependence of current 
activation, suggesting 

that it also affected the native ***T"* - 
•♦♦type*** currents. In 

contrast, beta lb overexpression had no effect on the 
endogenous Ca2+ 

currents, despite immunocytochemical evidence for 
its expression in the 

transfected cells. 4 These results suggest that in 
NG 108- 15 cells, 

overexpression of the Ca2+ channel accessory 
subunits alpha 2-delta and 

beta 2a induce a sustained component of HVA 
current, and alpha 2-delta 

also influences the voltage dependence of activation 
of the LVA current. 

It is possible that native ♦♦♦T*** - *"type"* 
♦♦♦alpha*** 

***]*** su bunits are not associated with beta 
subunits. 
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AB Native *+*T**+ - ***type*** 
voltage-dependent ***calcium*** 

* ♦ *channels + * * are low voltage-activated and 
have a small single channel 

conductance of 5-8 pS, which distinguishes them 
from any known cloned 

♦♦♦calcium"* ***channels*** whose 
conductances are 12-25 pS. Here, 

we show that when alphalB, alpha IE, or alpha 1C 
are expressed in COS7 

cells, which contain no endogenous ***calcium*** 
♦♦♦channel*" 

subunits or "*calcium" + ♦♦♦channels*** , 

they each exhibit a 4-7 

pS channel as well as a large conductance channel. 
At low depolarizations, 

or when the ***alphal*** subunit is expressed in 
the absence of 

auxiliary alpha2-delta or beta subunits, the small 
conductance channels 

are seen alone, and their biophysical properties, 
including voltage 

dependence and kinetics of activation and 
inactivation, are very similar 

to native "♦T*" - ♦♦♦type*** 
♦♦♦calcium*** "*channels"* . 
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AB Low voltage-activated, "•T*" - ***type"+ 
, ♦"calcium*" 

♦ ♦ ♦channels * ♦ ♦ are thought to be involved in 
pacemaker activity, low 

threshold Ca2+ spikes, neuronal oscillations and 
resonance, and rebound 

burst firing. Mutations in ***T"* - ***type"* 
channel genes may be 

a contributing factor to neurological and 
cardiovascular disorders, such 

as epilepsy, arrhythmia, and hypertension. Due to the 
lack of selective 

blockers, little is known about their structure or 
molecular biology. This 

review discusses our recent findings on the cloning, 
chromosomal 

localization, and functional expression, of two novel 
channels, alpha 1G 

and alpha 1H. The biophysical properties of these 
cloned channels 

(distinctive voltage dependence, kinetics, and single 
channel conductance) 

demonstrates that these channels are members of the 
****{•*♦* _ 

"♦type*" Ca2+ channel family. 
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AB Electrophysiological studies of neurons reveal 
different Ca2+ currents 

designated L-,N-,P-,Q-,R-, and ***T*" - 
♦"type*" . 

High-voltage-activated neuronal Ca2+ channels are 
complexes of a 

pore-forrning ♦♦♦alpha*** +**\*+* subunit of 
about 1 90-250 kDa, a 

transmembrane, disulfide-linked complex of alpha 2 
and delta subunits, and 

an intracellular beta subunit, similar to the 
♦"alpha*" ♦♦♦!♦♦♦ , 

alpha 2 delta, and beta subunits previously described 
for skeletal muscle 

Ca2+ channels. The primary structures of these 
subunits have all been 

determined by homology cDNA cloning using the 
corresponding subunits of 

skeletal muscle Ca2+ channels as probes. In most 
neurons, L-type channels 

contain alpha 1C or alpha ID subunits, N-type 
contain alpha IB subunits, 



P- and Q-types contain alternatively spliced forms of 
alpha 1A subunits, 

R-type contain alpha IE subunits, and ***T*** - 
+**type++* contain 

alpha 1G or alpha 1H subunits. Association with 
different beta subunits 

also influences Ca2+ channel gating substantially, 
yielding a remarkable 

diversity of functionally distinct molecular species of 
Ca2+ channels in 

neurons. 
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Company, Ann Arbor, 

MI, USA 

SOURCE: Low- Voltage-Act. T-type 

Calcium Channels, Proc. Int. 

Electrophysiol. Meet. (1998), Meeting 

Date 1996, 

279-289. Editors): Tsien, Richard W.; 

Clozel, 

Jean-Paul; Nargeot, Joel. Adis 
International Ltd. : 

Chester, UK. 
CODEN: 66EIAQ 
DOCUMENT TYPE: Conference 
LANGUAGE: English 
AB Expression of . alpha. 1 E (E class) subunits in 
Xenopus oocytes or in 

mammalian cell lines produces ***calcium*** 
♦♦♦channels*** that 

show rapid inactivation. It was originally proposed 
that .alpha. IE was 

the. ***alpha*** . ***1*** subunitfor 
low-voltage-activated (LVA) 

***calcium*** ***channels*** . Under 
identical recording conditions, 

the authors compared biophys. and pharmacol. 
properties of .alpha. 1 E 

expressed in HEK293 cells with .alpha. IB (B class) 
expressed in the same 

cell line and LVA ***calcium*** 
* * *channel* * * currents in a rat 

pituitary cell line (GH3). .alpha. 1 E 
***Calcium*** ***channels*** 

showed biophys. properties that were similar to 
those of .alpha. IB 

channels, activation voltages that were depolarized 
relative to GH3 

***T*** - ***type*** current and potent block 
byCal2+ and the 

non-selective ***calcium*** ***channel*** 
toxin .omega.-Aga-IIIA. 

These features of .alpha. IE ***calcium*** 
♦♦♦channels*** are 

s imi 1 ar to those of R-type ♦♦♦calcium*** 
♦♦♦channels*** described 

in cerebellar granule neurons, and not to GH3 

or other LVA ***calcium*** ***channels*** . 
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Distribution of 
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subunits in cell lines and tissues 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The expression of Ca2+ channel alpha 1 E 
isoforms has been analyzed in 

different cell lines, embryoid bodies and tissues. The 
comparison of the 

different cloned alpha IE cDNA sequences led to 
the prediction of alpha IE 

splice variants. Transcripts of two cloned alpha IE 
isoforms, which are 

discriminated by a carboxy terminal 129-bp 
sequence, have been detected in 

different cell lines and tissues. Transcripts of the 
shorter alpha IE 

isoform have been assigned to the rat cerebrum and 
to neuron-like cells 

from in vitro, differentiated embryonic stem cells. 
The shorter isoform is 

the major transcript amplified from total RNA by 
reverse transcription 

(RT>PCR and visualized on the protein level by 
Western blotting with 

common and isoform-specific antibodies. Transcripts 
of the longer alpha IE 

isoform have been identified in mouse, rat and 
human cerebellum, in in 

vitro, differentiated embryoid bodies, in the 
insulinoma cell lines INS-1 

(rat) and beta TC-3 (mouse), in the pituitary cell line 
AtT-20 (mouse) 

when grown in 5 mM glucose, and in islets of 
Langerhans (rat) and kidney 

(rat and human). The detection of different-isoforms 
of alpha IE in cell 

tines and tissues shows that the wide expression of 
alpha IE has to be 

specified by identifying the corresponding isoforms 
in each tissue. In 

islets of Langerhans and in kidney, a distinct isoform 
called alpha lEe 

has been determined by RT-PCR, while in 
cerebellum a set of different 

alpha IE structures has been detected, which might 
reflect the functional 

heterogeneity of cerebellar neurons. The 
tissue-specific expression of 

different isoforms might be related to specific 
functions, which are not 

yet known, but the expression of the new isoform 
alpha lEe in islets of 

Langerhans and kidney leads to the suggestion that 



alpha IE might be 

involved in the modulation of the Ca2+-mediated 
hormone secretion. 
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AB A review with 43 refs. Ca2+ channels in the brain 

are complexes 

consisting of an . ***alpha*** . ***]*** subunit 
(190-250 kDa), 

.alpha. 2. delta, subunits (disulfide-1 inked dimers of 
140 and 27 kDa), and 

a .beta, subunit (55-72 kDa). The different physiol. 
and pharmacol. 

properties of the various Ca2+ channel subtypes (L, 
N, P, Q, R, and 

***T*** ***types*** ) are thought to be detd. 
by their. ***alpha*** 

*4*1*4* subunits. Five distinct . ***alpha*** 

subunits, designated .alpha. 1 A to .alpha. IE are 
expressed in brain. Here, 

research from the authors' lab. focusing on the 
biochem. properties, 

subcellular localization, and functional specialization 
of these related 

neuronal. **+alpha*** . ***l*** subunits are 
discussed. 
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TITLE: Calcium currents and transients of 

native and 

heterologously expressed mutant skeletal 
muscle DHP 

receptor ***alphal*** subunits 

(R528H). 

AUTHOR: Jurkat-Rott K; Uetz U; 

Pika-Hartlaub U; Powell J; Fontaine 

B; Melzer W; Lehmann-Hom F 
CORPORATE SOURCE: Abteilung fur Angewandte 
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Germany. 

SOURCE: FEBS LETTERS, (1998 Feb 20) 

423 (2)198-204. 
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ENTRY MONTH: 199806 

AB Rabbit cDNA of the ***alphal*** subunit of 

the skeletal muscle 

dihydropyridine (DHP) receptor was functionally 
expressed in a muscular 

dysgenesis mouse (mdg) cell line, GLT. L-type 
calcium currents and 

transients were recorded for the wild type and a 
mutant ***alphal*** 

subunit carrying an R528H substitution in the 
supposed voltage sensor of 

the second channel domain that is linked to a human 



disease, hypokalemic 

periodic paralysis. L-type channels expressed in 
GLT myotubes exhibited 

currents similar to those described for primary 
cultured mdg cells 

injected with rabbit wild type cDNA, indicating this 
system to be useful 

for functional studies of heterologous DHP 
receptors. Voltage dependence 

and kinetics of activation and inactivation of L-type 
calcium currents 

from mutant and wild type channels did not differ 
significantly. 

Intracellular calcium release activation measured by 
fura-2 

microfluorimetry was not grossly altered by the 
mutation either. Analogous 

measurements on myotubes of three human R528H 
carriers revealed calcium 

transients comparable to controls while the voltage 
dependence of both 

activation and inactivation of the L-type current 
showed a shift to more 

negative potentials of approximately 6 mV. Similar 
effects on the voltage 

dependence of the fast **»T*+* - ***type*** 
current and changes in 

the expression level of the third-type calcium current 
point to factors 

not primarily associated with the mutation perhaps 
participating in 

disease pathogenesis. 
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alpha 1H from human heart, a 
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AB Voltage-activated Ca2+ channels exist as 
multigene families that share 

common structural features. Different Ca2+ channels 
are distinguished by 

their electrophysiology and pharmacology and can be 
classified as either 

low or high voltage-activated channels. Six 
* * * alpha 1 * * * subunit genes 

cloned previously code for high voltage-activated 
Ca2+ channels; 

therefore, we have used a database search strategy to 
identify new Ca2+ 

channel genes, possibly including low 
voltage-activated ( ***T**+ - 

* * * type* * * ) channels . A novel expressed 
sequence-tagged cDNA clone of 

alpha 1 G was used to screen a cDNA library, and in 
the present study, we 

report the cloning of alpha 1H (or CavT.2), a low 
voltage-activated Ca2+ 

channel from human heart. Northern blots of human 
mRNA detected more 

alpha 1H expression in peripheral tissues, such as 
kidney and heart, than 

in brain. We mapped the gene, CACNA1H, to 
human chromosome 16pl3.3 and 

mouse chromosome 17. Expression of alpha 1H in 
HEK-293 cells resulted in 



Ca2+ channel currents displaying voltage 
dependence, kinetics, and unitary 

conductance characteristic of native +*+T*** - 
♦♦♦type*** Ca2+ 

channels. The alpha 1H channel is sensitive to 
mibefradil, a 

nondihydropyridine Ca2+ channel blocker, with an 
IC50 of 1 .4 micromol/L, 

consistent with the reported potency of mibefradil 

♦ * *type* ** Ca2+ channels. Together with 
alphalG, a rat brain ***T*** 

- ***type*** Ca2+ channel also cloned in our 
laboratory, these genes 

define a unique family of Ca2+ channels. 
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TITLE : Voltage dependent * ♦ ♦calcium* * * 

♦♦♦channels*** in 

adrenal glomerulosa cells and in insulin 
producing cells. 

AUTHOR: Horvath A; Szabadkai G; Varnai P; 

Aranyi T; Wollheim C B; 

Spat A; Enyedi P 
CORPORATE SOURCE: Department of Physiology 
and Laboratory of Cellular and 
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AB We have examined the structure and function of 
Ca2+ channels in excitable 

endocrine cell types, in rat adrenal glomerulosa cells 
and in two insulin 

producing cell types, the rat pancreatic beta cell and 
the INS-1 cell 

line. In previous studies on glomerulosa cells, we 
observed low ( ***T*** 

- ***type*** ) and high threshold (L-type) voltage 
dependent Ca2+ 

currents in addition to a K+ induced inward 
rectifying Ca2+ current (Igl). 

beta cells are known to exhibit T-, L- and N-type 
currents. We have now 

found that INS-1 cells also show low threshold ( 
*** T *** . ***type*** 

) and high threshold Ca2+ currents. The latter was 



further resolved by 

organic inhibitors into L-type and P/Q-type currents 
and no Igl was 

detected. The expression of the pore-forming 
***alpha*** ***l*** 

subunit of voltage dependent Ca2+ channels was 
studied by means of reverse 

transcription-polymerase chain reaction (RT-PCR), 
followed by restriction 

enzyme mapping and/or sequencing. Both in 
glomerulosa and pancreatic beta 

cells, the neuroendocrine (D) class of the 
♦♦♦alpha*** ***1*** 

subunit, known to be responsible for L-type current, 
represents the 

majority of the PCR product. Comparable amounts 
of the neuroendocrine (D) 

and the neuronal A-type ***alpha ## * ***l*** 
subunits dominate the 

message in INS-1 cells. Different characteristics of 
Ca2+ currents in 

these cell types is discussed in view of the channel 
repertoire. 
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AB ***Calcium*** - ♦♦♦channel*** blockers are 
widely used as an 

effective treatment for hypertension and angina. 
Several studies have 

raised questions about their safety, suggesting that 
** ♦calcium*^ - 

* * *channel ♦ ♦ ♦ blockers can increase the rates of 
myocardial infarction 

(MI) and death, particularly in patients with heart 
disease. Reviews of 

these studies have uncovered serious methodological 
shortcomings or have 

found them restricted to short-acting drugs, 
frequently at high doses or 

used inappropriately. One study was based on old 
data regarding only 

short-acting nifedipine, which has never been 
indicated for patients who 

have suffered an MI or unstable angina. A 
case-control study of 

short-acting verapamil, diltiazem, and nifedipine 
suggested an increased 

MI rate was confounded by the higher rates of 
diabetes and preexisting 

heart disease in the patients treated with 
♦♦♦calcium +t# - 

* ♦♦channel ♦♦ * blockers. A third study reported 
significantly decreased 

survival only in patients taking short-acting 
nifedipine; in most of the 

cases reported, blood pressure was not controlled. 
While these studies 

alert us to the limitations of short-acting 
***calcium*** - 

♦♦♦channel*** blockers and the necessity of 
considering side effects 

such as neurohormonal stimulation, a number of 
more recent, 

better-controlled studies have not confirmed 
increased risk with 

♦♦♦calcium*^ - ♦♦♦channel^** blockers when 
appropriately employed. 

♦♦♦Calcium*^* - ♦♦♦channel*** blockers 
should still be considered 

first-line therapy in appropriately selected patients 
with hypertension or 

angina. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND I ALL FORMATS* 
AB Low voltage-activated, or ***T*** - 
***type*** , calcium currents 

are important regulato^^|uronal and muscle 
excitability, secretion, 

and possibly cell growth and differentiation, The 
gene (or genes) coding 

for the pore-forming subunit of low voltage-activated 
channel proteins has 

not been unequivocally identified. We have used 
reverse transcription-PCR 

to identify partial clones from rat atrial myocytes that 
share high 

homology with a member of the E class of 
♦♦♦calcium*** ***channel*** 

genes, Antisense oligonucleotides targeting one of 
these partial clones 

(raEl) specifically block the increase in T-current 
density that normally 

results when atrial myocytes are treated with 
insulin-like growth factor I 

(IGF-1), Antisense oligonucleotides targeting 
portions of the neuronal rat 

alpha(lE) sequence, which are not part of the clones 
detected in atrial 

tissue, also block the IGF-l-induced increase in 
T-current, suggesting 

that the high homology to alpha(lE) seen in the 
partial clone may be 

present in the complete atrial sequence. The basal 
T-current expressed in 

these cells is also blocked by antisense 
oligonucleotides, which is 

consistent with the notion that IGF-1 up-regulates 
the same gene that 

encodes the basal current, These results support the 
hypothesis that a 

member of the E class of * * *calcium* * * 
♦♦♦channel*** genes encodes 

a low voltage-activated ** *calcium* ** 
♦♦♦channel*** in atrial 

myocytes. 
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AB At the molecular level, our knowledge of the low 
voltage-activated Ca2+ 

channel ( ***T*** - ***type** # ) has made little 
progress. Using an 

antisense strategy, we investigated the possibility 
that the ***T*** - 

♦♦♦type*** channels have a structure similar to 
high voltage-activated 

Ca2+ channels. It is assumed that high 
voltage-activated channels are made 

of at least three components: a pore forming 
***alphal*** subunit 

combined with a cytoplasmic modulatory beta 
subunit and a primarily 

extracellular alpha2delta subunit. We have examined 
the effect of 

transfecting cranial primary sensory neurons with 
generic anti-beta 

antisense oligonucleotides. We show that in this cell 
type, blocking 

expression of all known beta gene products does not 
affect ***T*** - 

* * ♦type * ♦ * current, although it greatly decreases 
the current amplitude 

of high voltage-activated channels and modifies their 
voltage dependence. 

This suggests that beta subunits are likely not 
constitutive of * * *T* * * 

- *+*type** + Ca2+ channels in this cell type. 
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AB Neurotransmitter release is regulated by 
voltage-dependent ***calcium*** 

♦♦♦channels*** (VDCCs) at synapses throughout 
the nervous system. At the 

neuromuscular junction (NMJ) electrophysiological 
and pharmacological 

studies have identified a major role for P- and/or 
Q-type VDCCs in 

controlling acetylcholine release from the nerve 
terminal. Additional 

studies have suggested that N-type channels may be 
involved in 

neuromuscular transmission. VDCCs consist of 
pore-fomiing ***alphal*** 

and regulatory beta subunits. In this report, using 
fluorescence 

immunocytochemistry, we provide evidence that 
immunoreactivity to alpha 1 A, 

alpha IB, and alpha IE subunits is present at both rat 
and human adult NMJs. 



Using control and denervated rat preparations, we 
have been able to 

establish that the subunit thought to correspond to 
P/Q-type channels, 

alphalA, is localized presynaptically in discrete 
puncta that may 

represent motor nerve terminals. We also 
demonstrate for the first time 

that alphal A and alpha IB (which corresponds to 
N-type channels) may be 

localized in axon-associated Schwann cells and, 
further, that the alphal B 

subunit may be present in perisynaptic Schwann 
cells. In addition, the 

alphalE subunit (which may correspond to R/ 
_ *##typ e *** 

channels) seems to be localized postsynaptically in 
the muscle fiber 

membrane and concentrated at the NMJ. The 
possibility that all three VDCCs 

at the NMJ are potential targets for circulating 
autoantibodies in 

amyotrophic lateral sclerosis is discussed. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The past years have seen some significant 
advances in our understanding 

of the functional and molecular properties of 
voltage-dependent Ca2+ 

channels in arterial smooth muscle. Molecular 
cloning and expression 

studies together with experiments on native 
voltage-dependent Ca2+ 

channels revealed that these channels are built upon 
a molecular structure 

with properties appropriate to function as the main 
source for Ca2+ entry 

into arterial smooth muscle cells. This Ca2+ entry 
regulates intracellular 

free Ca2+, and thereby arterial tone. We summarize 
several avenues of 

recent research that should provide significant 
insights into the 

functioning of voltage-dependent Ca2+ channels 
under conditions that occur 

in arterial smooth muscle. These experiments have 
identified important 

features of voltage-dependent Ca2+ channels, 
including the steep 

steady-state voltage-dependence of the channel open 
probability at steady 

physiological membrane potentials between -60 and 
-30 mV, and a relatively 

high permeation rate at physiological Ca2+ 
concentrations, being about one 

million Ca2+ ions/s at -50 mV. This calcium 
permeation rate seems to be a 

feature of the pore-forming Ca2+ channel 
♦♦♦alpha*** ( ♦♦♦!♦♦♦ ) 

subunit, since it was identical for native channels and 
the expressed 



♦♦♦alpha*** ( ***]•*• ) submit alone. The 
channel activity is 

regulated by dihydropyridines, vasoactive hormones 
and intracellular 

signaling pathways. While the membrane potential 
of smooth muscle cells 

primarily regulates arterial muscle tone through 
alterations in Ca2+ 

influx through dihydropyridine-sensitive 
voltage-dependent CL-type') Ca2+ 

channels, the role of these channels in the 
differentiation and 

proliferation of vascular smooth muscle cells is less 
clear. We discuss 

recent findings suggesting that other Ca2+ permeable 
ion channels might be 

important for the control of Ca2+ influx in 
dedifferentiated vascular 

smooth muscle cells. 
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AB We characterized toxin-insensitive calcium 
currents expressed by 

acutely dissociated embryonic dorsal root ganglion 
neurons, In the 

presence of 3 mu M omega-conotoxin-G VIA, 3 mu 
M nitrendipine and either 

500 nM omega-agatoxin-IVA or 500 nM 
omega-conotoxin-MVIIC to inhibit N-, 

L- and P/Q-type currents, respectively, all neurons 
expressed two residual 

currents: a ***T*** - ***type*** and another 
which we referred to as 

toxin-resistant current. The toxin-resistant current (i) 
consisted of an 

inactivating and a sustained components, (ii) had a 
threshold of 

activation and a steady-state inactivation comprised 
between that of the 

«*« T *** . ♦♦♦type**.* current and that of the 
other 

high-voltage-activated currents, (iii) had the same 
permeability for 

barium and calcium used as charge carriers, (iv) was 
highly sensitive to 

both cadmium and nickel; and (v) was insensitive to 
500 mu M amiloride 

which abolished the **+T*** - ***type*** at 
this concentration. The 

properties of the toxin-resistant current are very 
similar to those of the 

currents expressed in oocytes following injection of 
alpha(lE) subunits 

which we demonstrated to be present in these 



neurons. 

Therefore a component of the toxin-resistant 
current ***calcium*** 

♦•♦channels*** in sensory neurons may be 
closely related to those 

***calcium*** ♦♦♦channels*** formed by 
alpha(lE) subunits. (C) 1997 

IBRO. Published by Elsevier Science Ltd. 
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AB Ion channel are key elements in the mammalian 
sperm acrosome reaction 

(AR). Sperm are differentiated terminal cells unable 
to synthesize 

protein, and difficult to study electrophysiol. Using 
mol. biol. to learn 

about their ion channels requires spermatogenic cells 
were channel 

proteins are being synthesized. These cells are 
larger than sperm and 

easier to patch clamp. We have looked for the 
expression of the . 

♦♦♦alpha^** . genes, which code for 

the channel subunit of the 

various types of voltage-activated Ca2+ channels, in 
purified 

spermatogenic cells with RT-PCR. We found that 
mainly .alpha. IE mRNA is 

expressed, and increases during spermiogenesis. 
Interestingly, we only 

detected ♦♦♦T*** - ♦•♦type*** Ca2+ currents 
in pachytene 

spermatocytes. Since these currents are blocked by 
Ni2+ and 

dihydropyridines, as is the ZP3 induced AR, it is 
likely that ***T*** - 

* * *type* ** Ca2+ channels play a key role in the 
Ca2+ uptake required for 

mammalian sperm AR. 
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AB Structure, function and expression of 

voltage-dependent Ca2+ channels are 

reviewed. Ca2+ channels have been classified into 

one low-voltage 



activated subtype ( ++*T*** ***type % ^* ) and 
at least 5 high-voltage 

activated subtypes (L, N, P, Q and R types), which 
are characterized by 

the sensitivity to specific blockers. Although L-type 
channel in skeletal 

muscle is shown to consist of ***alphal **• , 
alpha2/delta, beta, gamma 

subunits, it is not clear whether other subtypes have 
similar subunit 

structures. Cloning and functional expression of 
cDNA encoding 

***alphal **♦ subunits revealed existence of 
multiple genes and splicing 

variants. Thus, the diversity in the 
electrophysiological properties of 

Ca2+ channels in different tissues and 
developmental stages comes from, at 

least in part, the different molecular structure of the 
channels. 

Regulation of the expression of Ca2+ channels may 
be important for the 

elaborate control of cellular functions. 
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AB A review, with 156 refs. The mol. biol. of Ca2+ 
channels has its origins 

in the biochem. characterization of the skeletal 
muscle dihydropyridine 

receptor. These studies established that the 
dmydropyridine 

receptor/channel complex was a multi-subunit 
complex composed of. 

♦♦♦alpha*** . *»*1*** (the ion-conducting 
subunit), and smaller 

accessory subunits (.alpha. 2 .beta., and .gamma.). 
These subunits were 

purified, sequenced, cloned, and expressed. Cloning 
of these cDNAs 

provided the probes to discover the mol. diversity of 
Ca2+ channels. To 

date (Apr. 1995), genes for six .alpha. Is, four beta.s, 
one .alpha.2, and 

one .gamma, have been cloned. Preliminary 
classification schemes divided 

native ♦♦ ♦calcium* 4 ♦ ♦♦♦channels +## into 
low voltage-activated ( 

*** x *** . ♦♦♦type*** ) high 

voltage-activated types: L-type, 

dmydropyridme-serisitive; and N-type, 
. omega. -conotoxin GVIA- sensitive. 

The development of new toxins has led to the further 
subclassification of 

high voltage-activated channels to: P-type, which is 
blocked by 

.omega. -agatoxin-IVa from the funnel-web spider 
Agelenopsis aperta; 

Q-type, which is blocked by 
. omega. -conotoxin-MVIIC from the marine snail 

Conus magus; and R-type, which is resistant to most 
toxins. Expression 

studies with cloned .alpha. Is have proven that this 
subunit dets. the 

voltage and pharmacol. sensitivity of the channel. 
This should allow the 

authors' to classify the cloned .alpha. Is in terms of 
their type. 

Unfortunately these properties are affected by the 
choice of expression 

system, and the subunit compn. of the channel. 
Despite these 

complications, the six .alpha. Is have been classified 
as follows: three 

.alpha. Is (.alpha. Is, . alpha. lc, and .alpha. ID) belong 



r 



to the L-type 

(dihydropyridine-sensitive); .alpha. IB is an N-type; 
.alpha. 1 A is aP-typc 

although it has also been classified as Q-type; and 
.alpha. IE, which does 

not display any distinctive pharmacol., has been 
called an R-type 

(resistant). The authors will review the cloning, 
classification, tissue 

distribution, and functional expression of these . 
♦♦♦alpha*** . 

***]*** su bunits and the accessory subunits. 
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AB Four different types of Ca2+ channel 

♦♦♦alpha** + **+l**+ subunits, 

representing the major classes of voltage-gated Ca2+ 
channels, were 

individually coexpressed along with alpha 2/delta 
and beta 2b subunits in 

Xenopus oocytes. These subunits (and the encoded 
channel types and major 

tissues of origin) included alpha 1C (L-type, 
cardiac), alpha IB (N-type, 

central nervous system), alpha 1 A (P/Q-type, central 
nervous system), and 

alpha IE (most likely R-type, central nervous 
system). Divalent cation 

currents through these channels (5 mM Ba2+) were 
evaluated with the 

two-microelectrode voltage-clamp technique. The 
expressed channels were 

compared with regard to their responses to a 
structurally novel, 

nondihydropyridine compound, mibefradil (Ro 
40-5967). In the micromolar 

concentration range, this drug exerted clear 
inhibitory effects on each of 

the four channel types, reducing divalent cation 
current at all test 

potentials, with the non-L-type channels being more 
sensitive to 

inhibition than the L-type channels under fixed 
experimental conditions. 

For all channel types, mibefradil was a much more 
effective inhibitor at 

more depolarized holding potentials, suggesting 
tighter binding of the 

drug to the inactivated state than to the resting state. 
The difference in 

apparent affinities of resting and inactivated states of 
the channels, 

calculated based on a modulated receptor hypothesis, 
was 30-70-fold. In 

addition, the time course of decay of Ca2+ channel 
current was accelerated 

in the presence of drug, consistent with open channel 
block. The effect of 

increasing stimulation frequency was tested for 
L-type channels and was 

found to greatly enhance the degree of inhibition by 
mibefradil, 

consistent with promotion of block by channel 
opening and inactivation. 



Allowing for state-dependent interactions, the drug 
concentrations found 

to block N-, Q-, and R-type channels by 50% are 
at least 10-fold 

higher than half-blocking levels previously reported 

* * *type* * * channels in vascular smooth muscle 
cells under similar 

experimental conditions. This may help explain the 
ability of the drug to 

spare working myocardium (strongly negative resting 
potential, dominance 

of L-type channels in their resting state) while 
reducing contraction in 

blood vessels (presumably involving ***T*** - 
***type*** channels or 

partially inactivated L-type channels). Thus, 
mibefradil is a new addition 

to the family of nonselective organic Ca2+ channel 
inhibitors, as 

exemplified by bepridil and fluspirilene, and may 
prove useful as an 

experimental tool for studying diverse physiological 
events initiated by 

Ca2+ influx. It complements classes of drugs with 
relatively selective 

effects on L-type channels, as exemplified by 
nifedipine and diltiazem. 
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AB 1 . Mutations in the gene encoding the 
♦♦♦alpha*** ***!*** -subunit 

of the skeletal muscle dihyoropyridine (DHP) 
receptor are responsible for 

familial hypokalemic periodic paralysis (HypoPP), 
an autosomal dominant 

muscle disease. We investigated myotubes cultured 
from muscle of patients 

with argimne-to-histidine substitutions in putative 
voltage sensors, IIS4 

(R528H) and IVS4 (R1239H), of the DHP receptor 
♦♦♦alpha*** ♦♦♦!♦♦♦ 

-subunit. 2. Analysis of the messenger ribonucleic 
acid (mRNA) in the 

myotubes from such patients indicated transcription 
from both the normal 

and mutant genes. 3. In control myotubes, the 
existence of the slow L-type 

current and of two rapidly activating and inactivating 
calcium current 

components ( ***T*** - ***type*** with a 
maximum at about -20 mV and 

'third type' with a maximum at +10 to +20 mV) was 
confirmed. In the 

myotubes from patients with either mutation, the 
third-type current 

component was seen more frequently and, on 
average, with larger amplitude. 

4. In myotubes with the IVS4 mutation (R1239H) 
the maximum L-type current 

density was smaller than control (-0.53 +/- 0.31 vs. 
-1.41 +/- 0.71 pA 

pF-1 ). The voltage dependence of activation was 
normal, and 

hyperpolarizing prepulses to -120 mV for 20 s did 



not increase the reduced 

current amplitude during test pulses. 5. In myotubes 
with the IIS4 

mutation (R528H) the L-type current-voltage 
relation, determined at a 

holding potential of -90 mV, was normal. However, 
the voltage dependence 

of inactivation was shifted by about 40 mV to more 
negative potentials 

(voltage at half-maximum inactivation, Vl/2 = -41 .5 
+/- 8.2 vs. -4.9 +/- 

4.3 mV in normal controls). (ABSTRACT 
TRUNCATED AT 250 WORDS) 
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AB Extensive pharmacological investigations on 

tetrandrine, one of the 

traditional medicinal alkaloids, are reviewed. 
Tetrandrine has been used 

clinically in China for centuries in the treatment of 
many diseases. A 

recent series of studies has revealed major 
mechanisms underlying its 

multiple pharmacological and therapeutic actions. 
One of the most 

interesting discoveries is that tetrandrine is a new 
kind blocker of the 

voltage-activated, L-type Ca2+ channel in a variety 
of excitable cells, 

such as cardiac, GH3 anterior pituitary and 
neuroblastoma cells, as well 

as in rat neurohypophysial nerve terminals. Although 
tetrandrine does not 

belong to any of the three classical Ca2+ channel 
blocker groups, 

electrophysiological and radioligand binding studies 
show that tetrandrine 

is an L-type Ca2+ channel blocker with its binding 
site located at the 

benzothiazepine receptor on the ***alpha*** 
***!*** -subunit of the 

channel. In addition, tetrandrine is a blocker of the 
voltage-dependent 

**rr/*** . ***type*** Ca2+ channel. It is clear 
that tetrandrine's 

actions in the treatment of cardiovascular diseases, 
including 

hypertension and supraventricular arrhythmia, are 
due primarily to its 

blocking of voltage-activated L-type and * * * T* * * 
- ***type*** Ca2+ 

channels. Furthermore, this alkaloid is a potent 
blocker of the 

Ca(2+)-activated K+ (K(Ca)) channels of 
neurohypophysial nerve terminals. 

The blocking kinetics of tetrandrine on the K(Ca) 
channel is quite 

different from that of typical K(Ca) channel blockers 
such as 

tetraethylammonium and Ba2+. Although the clinical 
role of tetrandrine as 

a blocker of the K(Ca) channels is unclear, it is a 
promising ligand for 

the study of K(Ca) channel function. 
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AB In a genome-wide search, linkage of hypokalemic 
periodic paralysis 

(HypoPP), a muscle disease with autosomal 
dominant inheritance, to 

chromosome lq31-32 and cosegregation with the 
gene encoding the L-type 

♦♦♦calcium*** ♦♦♦channel^* /DHP receptor 
♦♦♦alpha + ** ***!*** 

subunit has been reported (Fontaine et al., 1994). 
Here we show the 

extended haplotypes of a large HypoPP family who 
made the detection of the 

gene product possible. Sequencing of cDNA 
synthesized from RNA isolated 

from muscle specimens of two affected family 
members revealed a G-to-A 

transition of nucleotide 3716. This base exchange 
predicts a substitution 

of histidine for arginine 1239 located in segment 
IVS4 of the channel 

protein. By restriction fragment analysis, the 
mutation was detected in 

the genomic DNA of all affected family members. 
Myotubes cultured from the 

muscle specimens also revealed the mutation 
suggesting the expression of 

mutant L-type ***calcium*** ***channel*** 
/DHP receptors. 

Whole-cell recordings of 20 such myotubes showed 
a strong reduction of the 

DHP sensitive, slowly activating and inactivating 
L-type current density 

to 30% of the current in normal controls. A rapidly 
activating and 

inactivating current component (third-type), which is 
distinct from the 

also occurring ***T*** - ***type*** current, 
was increased. We 

conclude that HypoPP is a disease of the skeletal 
muscle DHP receptor. The 

point mutation in repeat IV of the protein may have 
a similar effect as 

drugs which downregulate the channel activity by 
binding to this domain: 
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AB The effects of Ro 40-5967, a nondihydropyridine 
Ca++ channel blocker, on 



low-voltage activated ( ***T*** - ***type*** ) 
and high-voltage 

activated (L-type) Ca++ channels were compared. 
L-typc barium currents 

were measured in Chinese hamster ovary cells stably 
transfected with the 

•♦♦alpha*** ***1*** subunit of the class Cb 
Ca++ channel. ***T*** 

- ***type*** barium currents were investigated in 
human medullary 

thyroid carcinoma cells. The Ba++ currents of 
human medullary thyroid 

carcinoma cells were transient, activated at a 
threshold potential of -50 

mV with the maximum at -14 +/- 3.2 mV and 
blocked by micromolar Ni++. The 

T- and L-type current inactivated with time constants 
of33.4+/-4.1 and 

416 +/- 26 msec at maximum barium currents, 
respectively. Ro 40-5967 

inhibited reversibly the T- and L-type currents with 
IC50 values of 2.7 

and 18.6 microM, respectively. The inhibition of the 
L-type current was 

voltage-dependent, whereas that of the ***T*** - 
***type*** current 

was not Ro 40-5967 blocked +*+T*+* - 
***type*** current already at 

a holding potential of -100 mV. The different types 
of block, i.e., 

voltage-dependent vs. tonic block, may contribute to 
the pharmacological 

profile of Ro 40-5967 in intact animals. 
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AB SR33557 (fantofarone) and SR33805 are 
structurally novel calcium 

antagonists that bind selectively to the 
♦♦♦alpha*** 

-subunit of the L-type Ca++ channel at a site distinct 
from the classical 

1,4-dihydrophyridine, phenylalkylamine and 
benzothiazepine sites but in 

allosteric interactions with them. Blocking effects of 
fantofarone and 

SR33805 on the different types of voltage-activated 
Ca-H- currents have 

been investigated with the whole-cell patch-clamp 
method in chick dorsal 

root ganglion neurons (for T-, L- and N-type 
currents) and in rat 

cerebellar Purkinje neurons (for P-type current) in 
primary culture. 

Neuronal L-type Ca-H- channels are blocked totally 
by fantofarone and 

SR33805 in the microM range of concentration as in 
skeletal muscle and 

cardiac cells at a holding membrane potential of -80 
mV. The sequence of 

efficacy is SR33805 (IC50 = 26 nM) > fantofarone 
(IC50 = 0.35 microM). N- 

and P-type channels are not very sensitive to 
fanto-farone and SR33805 

(IC50 approximately 5 microM). The +**T**+ - 
***type*** channel is 

not affected by these drugs. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS ♦ 
AB Recent studies have revealed the molecular and 
functional diversity of 

voltage-gated ***calcium*** ♦♦♦channels* ++ . 
Electrophysiological 

and pharmacological experiments on various cell 
types have provided a way 

of characterizing a Low Voltage Activated (L V A) or 

♦♦♦type*** \ and several High Voltage Activated 
(HVA) ***calcium**^ 

♦♦♦channels*^* . LVA Ca2+ channels have fast 
kinetics and no specific 

ligands while HVA Ca2+ channels have been 
identified mainly by the use of 

specific toxins, and named L, N, P and Q. They are 
blocked by 

dihydropyridines, omega-CgT-GVIA, 
omega-Aga-IVA and omega-CmT-MVUC, 

respectively. Biochemical studies have revealed that 
skeletal muscle Ca2+ 

channels are composed of a pore-forming 
***alpha** # 

subunit and several associated subunits (alpha 
2-delta, beta and gamma). 

Several ♦♦*alpha ++ * +**!+** subunits have 
been cloned from various 

tissues and are encoded by at least six genes. Their 
expression in Xenopus 

oocytes or in mammalian cells induces 
♦♦♦calcium^** ♦♦♦channel # * # 

currents, the properties of which seem to correspond 
to the different Ca2+ 

channels identified in various cells. However, it has 
been suggested that 

further diversity may be provided by the addition of 
auxiliary subunits 

and particularly the beta subunits which are thought 
to be associated to 

most of the ***alpha*** ***l*** subunits. 
beta subunits encoded by 

at least four genes (beta 1 , beta 2, beta 3, beta 4) 
expressed in the 

nervous system and other tissues enhance Ca2+ 
channel activity and are 

able to modify both electrophysiological and 
pharmacological properties. 

However, a differential effect on calcium current 
inactivation has been 

observed between the different isoforms (beta 1, 
beta 2, beta 3) and their 

splice variants (beta la, beta lb) indicating that 
multiple Ca2+ channel 

gating may arise from the expression of different 
subtypes of beta 

subunits. The implication of Ca2+ channels in 
pathophysiology has been 

recently suggested and the genes coding for 
♦♦♦alpha*** or 

beta subunits are potential candidates in some patho 
logies. Several 

autoimmune diseases have also been suggested to 
involve Ca2+ channels as 

the targets for antibodies. Moreover, the functional 
diversity of neuronal 

Ca2+ channel offers new perspectives in the 



development of drug? for the 

treatment of neurologic disorders. 
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AB The activation of *+*alpha*** - 
adrenoceptors in adult rat 

ventricular cells results in the reduction of the 
transient outward K+ 

current, but does not affect Ca++ currents. In this 
study, using neonatal 

rat ventricular cells, the ***alpha*** - ***1*** 
adrenergic receptor 

agonist phenylephrine increased the long-lasting 
(L-type) Ca++ channel 

current (dihydropyridine-sensitive) and the increase 
was 

concentration-dependent. Phenylephrine did not, 
however, modulate the 

transient-type ( ***T*** - ***type*** )Ca-H- 
channel current. The 

***alpha*** - ***1*** effect of phenylephrine 
was reversed or 

abolished by prazosin, an ***alpha**+ - ***1*** 
antagonist. The 

alpha-2 agonist clonidine had no effect on the L-type 
current. Yohimbine, 

an alpha-2 antagonist, and propranolol, a beta 
antagonist, did not inhibit 

the effect of phenylephrine on L-type current. The 
effect of phenylephrine 

was abolished by pretreatment with WB4101, an 
alpha- 1 A antagonist, but not 

by chloroethylclonidine, an alpha-IB antagonist. In 
addition, 

norepinephrine also increased the L-type current in 
the presence of 

propranolol and this effect was reversed by washout. 
These observations 

suggest that phenylephrine increased the L-type 
Ca-H- channel current 

specifically through the activation of alpha- 1 A 
adrenergic receptors in 

neonatal rat ventricular myocytes. This may explain 
in part the increase 

in the plateau phase of the action potential and the 
positive inotropic 

response of the neonatal myocardium to 
phenylephrine. This is the first 

description of an increase in L-type Ca++ current by 
alpha- 1 A adrenoceptor 

activation in neonatal rat ventricular myocytes, and 
this effect is 

different from that reported in adult rat myocytes. 
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AB The Ba2+ currents and mRNA levels of four 
members of the rat brain family 

of ***alpha+** ♦+*!*** -subunit Ca2+ 
channel genes were examined 

and compared in the rat cell lines GH3 and PC-1 2 
and in the mouse lines 

NIE-1 15 and AtT-20. The RNA was measured with 
ribonuclease protection 

assays using probes derived from rat brain (rb) Ca2+ 
channel cDNAs (rbA, 

rbB, rbC, and rbD), and the Ba2+ currents were 
studied by whole cell 

patch-clamp recording. L-, N-, P-, and +*+T*** - 
***type*** currents 

were discrirninated by the voltage dependence and 
pharmacological 

properties of Ba2+ currents. All cell lines expressed 
all four rat brain 

Ca2+ channel genes, except GH3 cells, which lacked 
rbB. The functional 

diversity of Ba2+ currents, however, was quite 
different among the cell 

lines. GH3 cells showed evidence of L- and 
***"r/*** _ +*+ t yp e *** 

currents, undifferentiated PC-1 2 cells of L-type 
currents, AtT-20 cells of 

L-, N-, and P-type currents, and undifferentiated 
NIE-1 15 cells of a 

***T*** - +**type*** current that was partially 
blocked by both 

nifedipine and BAY K 8644. Dimethyl 
sulfoxide-differentiated NIE-1 1 5 cells 

also had an L-type current. Differentiation of 
NIE-1 15 cells caused an 

increase in the levels of rbB, rbC, and rbD RNAs. 
Differentiation by nerve 

growth factor caused an increase in levels of all four 
genes in PC-1 2. Our 

data give further support for the assignment of rbA, 
rbB, and rbC/rbD gene 

products as components of P-, N-, and L-type Ca2+ 
channels, respectively. 
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♦ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB Extensive pharmacological investigations on 
tetrandrine, one of the 

traditional medicinal, alkaloids, are reviewed. 
Tetrandrine has been used 

clinically in China for centuries in the treatment of 
many diseases. A 

recent series of studies has revealed major 
mechanisms underlying its 

multiple pharmacological and therapeutic actions. 
One of the most 

interesting discoveries is that tetrandrine is a new 
kind blocker of the 

voltage-activated, L-type Ca2+ channel in a variety 
of excitable cells, 

such as cardiac, GH(3) anterior pituitary and 



neuroblastoma cells, as well 

as in rat neurohypophysial nerve terminals. Although 
tetrandrine does not 

belong to any of the three classical Ca2+ channel 
blocker groups, 

electrophysiological and radioligand binding studies 
show that tetrandrine 

is an L-type Ca2+ channel blocker with its binding 
site located at the 

benzothiazepine receptor on the ***alpha*+* ( 
)-subunitof 

the channel. In addition, tetrandrine is a blocker of 

the 

voltage-dependent ***T*** - ***type*** Ca2+ 
channel. It is clear 

that tetrandrine's actions in the treatment, of 
cardiovascular diseases, 

including hypertension and supraventricular 
arrhythmia, are due primarily 

to its blocking of voltage-activated L-type and 
**rp**« . ***type*** 

Ca2+ channels. Furthermore, this alkaloid is a potent 
blocker of the 

Ca2+-activated K+ (K-(Ca)) channels of 
neurohypophysial nerve terminals, 

The blocking kinetics of tetrandrine on the K-(Ca) 
channel is quite 

different from that of typical K-(Ca) channel 
blockers such as 

tetraethylammonium and Ba2+. Although the clinical 
role of tetrandrine as 

a blocker of the K-(Ca) channels is unclear, it is a 
promising ligand for 

the study of K-(Ca) channel function. 
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AB Fantofarone (SR33557) is a substituted indolizine 
and SR33805 is a 

substituted indole. These drugs have been shown to 
specifically bind to 

the ***alpha*** ***1*** subunit of the 
L-type Ca2+ channel at the 

same site, distinct from those of the classical 
1 ,4-dihydropyridine, 

pherr/lautylarnine or benzothiazepine Ca2+ 
antagonists, but in negative 

allosteric interaction with them. The present work 
shows that fantofarone 

and SR33805 block L-type but not ***T*** - 
***type*** Ca2+ channels 

in mouse cardiac cells in primary culture. This block 

is 

voltage-dependent. Fantofarone and SR33805 are 
potent Ca2+ channel 

blockers in depolarized conditions (i.e. at a holding 
potential of -40 mV) 

with an EC50 =1.4 and 4. 1 nM, respectively. In 
polarized conditions (i.e. 

at a holding potential of -80 mV), SR33805 is a 
better Ca2+ channel 

blocker (EC50 = 33 nM) than fantofarone (EC50 = 
0. 1 5 microM). Therefore 

differences in their chemical structures make the 
blocking action of 

fantofarone more sensitive to voltage than that of 
SR33805. 
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AB Voltage gated L-type and ***T*** - 
** # type*** ♦♦♦calcium*** 

* ♦ *channels* * * are electrophysiologically 
characterized in the cardiac 

tissues. L-Type ***calcium*** *+*channels*** 
are abundant in 

skeletal muscle and results from molecular studies 
have stimulated 

researches on the cardiac counterpart. This paper 
briefly reviews the 

recent progress in molecular constituents and 
functional sites of the 

cardiac ***calcium*** ♦♦♦channel*** . The 
channel is composed of 

five subunits, *+*alpha*** ***1*** , alpha 2, 
beta, gamma, and 

delta, at least, but heterogeneous existence of 
♦♦♦alpha*** ♦♦♦!♦♦♦ 

, beta, and gamma is also observed. The 
1,4-dihydropyridine binding site 

has been identified in the skeletal muscle and cardiac 
♦♦♦calcium*** 

♦♦♦channels*** by photoaffinity labeling. Their 
sites are compared in 

the primary structures. PKA modulation of the 
cardiac channel is also 

discussed with the respect to phosphorylation site. 
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AB This paper provides a brief overview of the 
diversity of voltage-gated 

Ca2+ channels and our recent work on neuronal 
Ca2+ channels with novel 

pharmacological and biophysical properties that 
distinguish them from L, 

N.Por ♦♦♦T*** - ♦♦♦type*** channels. The 
Ca2+ channel 

♦♦♦alpha*** *♦*!**♦ subunit known as alpha 
lAorBI [Mori Y., 

Friedrich T., Kim M.-S., Mikami A, Nakai J., Ruth 
P., Bosse E., Hofmann 

F., Flockerzi V., Furuichi T., Mikoshiba K., Imoto 
K., Tanabe T. and Numa 

S. (1991) Nature 350, 398-402] is generally assumed 
to encode the P-type 



Ca2+ channel. However, we find that alpha 1 A 
expressed in Xenopus oocytes 

differs from P-type channels in its kinetics of 
inactivation and its 

degree of sensitivity to block by the peptide toxins 
omega-Aga-IVA and 

omega-CTx-MVIIC [Sather W. A., Tanabe T., 
Zhang J.-F., Mori Y., Adams M. 

E. and Tsien R. W. (1993) Neuron 1 1, 291-303]. 
Thus, alpha 1 A is capable 

of generating a Ca2+ channel with characteristics 
quite distinct from 

P-type channels. Doe-1, recently cloned from the 
forebrain of a marine 

ray, is another * * *alpha* ** * * + 1 + * * subunit 
which exemplifies a 

different branch of the Ca2+ channel family tree 
[Home W. A, Ellinor P. 

T. t Inman I., Zhou M., Tsien R. W. and Schwarz T. 
L.(1993)Proc. Natn. 

Acad. Sci. U.S.A. 90, 3787-3791]. When expressed 
in Xenopus oocytes, doe-1 

forms a high voltage-activated (HVA) Ca2+ channel 
[Ellinor P. T., Zhang 

J.-F., Randall A. D., Zhou M„ Schwarz T. L., Tsien 
R. W. and Home W. 

(1993) Nature 363, 455-458]. It inactivates more 
rapidly than any 

previously expressed * **calcium** * 
* * *channel* * ♦ and is not 

blocked by dihydropyridine antagonists or 
omega-Aga-IVA. Doe-1 current is 

reduced by omega-CTx-GVIA, but the inhibition is 
readily reversible and 

requires micromolar toxin, in contrast to this toxin's 
potent and 

irreversible block of N-type channels. Doe-1 shows 
considerable 

sensitivity to block by Ni2+ or Cd2+. We have 
identified components of 

Ca2+ channel current in rat cerebellar granule 
neurons with kinetic and 

pharmacological features similar to alpha 1 A and 
doe-1 in oocytes [Randall 

A. D., Wendland B., Schweizer F„ Miljanich G., 
Adams M. E. and Tsien R. 

W. (1993) Soc. Neurosci. Abstr. 19, 1478]. Hie 
doe-1 -like component 

(R-type current) inactivates much more quickly than 
L, N or P-type 

channels, and also differs significantly in its 
pharmacology. (ABSTRACT 

TRUNCATED AT 400 WORDS) 
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AB Retinol stimulated the transport of . * ♦♦alpha*** 
_j **+]+** 

-14C]-methyiaminoisobutyric acid by Sertoli cells in 
culture or in Sertoli 

cell-enriched testis of immature rat. This effect was 
mediated by 

voltage-dependent Ca2+ channels, probably of the 
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AB The Crooked Neck Dwarf (cn) mutation in 
chickens causes marked changes in 

intact embryonic skeletal muscle. We have 
investigated whether the cn/cn 

phenotype develops in vitro, and if cultured muscle 
cells are suitable for 

studies of this mutation. The properties of cn/cn 
muscle cells maintained 

in low density primary cultures (6.25 x 1 0(3) 
cells/cm2) are described in 

this report. In normal muscle cells, the alpha 
ryanodine receptor (RyR) 

isoform appears prior to, and at greater levels than, 
the beta RyR, and is 

detected in mononucleated myocytes. The beta RyR 
isoform appears within 24 

hr after the initiation of myotube formation, which is 
earlier than 

anticipated from studies with intact embryonic 
muscle. Normal alpha RyR 

protein is not detected in cultured cn/cn muscle cells, 
whereas the beta 

RyR, the ♦♦♦alpha*** ***1*** -subunit of the 
dihydropyridine 

receptor, the sarcoplasmic reticulum 
Ca(2+>ATPase, and calsequestrin are 

expressed at comparable levels in normal and mutant 
muscle cells. Calcium 

transients elicited by electrical stimulation, 
acetylcholine, and caffeine 

are similar in normal and cn/cn cultured myotubes 
and are blocked by 

ryanodine in both cell types. In addition, comparable 
L-and ***T*** - 

***type** * calcium currents are observed in 
normal and mutant muscle 

cells, suggesting that both the * * *alpha* * * 
-subunit of the 

dihydropyridine receptor and the beta RyR in mutant 
muscle cells are 

functional. Normal and cn/cn muscle cells proliferate 
and form myotubes in 

a similar manner. These latter events do not appear 
to depend on 

sarcoplasmic reticulum calcium release, as they also 
occur in normal 

muscle cells in which calcium release is prevented 
by chronic treatment 

with 100 microM ryanodine. Both cn/cn and 
ryanodine-treated normal muscle 

cells exhibit morphological changes similar to those 
observed in intact 

cn/cn skeletal muscle. Thus, the mutant phenotype 
observed in ovo is 

partially expressed under low density culture 
conditions, and neither beta 

RyR protein nor its function appear to be capable of 
preventing the 

associated changes. 
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* ABSTRACT IS AVAILABLE IN THE 
ALL AND IALL FORMATS* 
AB The properties of the low threshold Ca current 
(I(CaT)) in bullfrog 

(Rana catesbeiana) isolated atrial cardiomyocytes 
were studied using the 

whole-cell recording patch-clamp technique and 
compared with those of the 

high threshold Ca current (I(CaL)). In 91% of atrial 
cells we observed 

both I(CaT) and I(CaL) when collagenase and 
trypsin were used to 

dissociate the cells. But when pronase was used, 
only 30% of the cells 

exhibited I(CaT). I(CaT) was never found in 
ventricular cells. I(CaT) 

could be investigated more easily when I(CaL) was 
inhibited by Cd ions 

(50-mu-M). Its kinetics were unchanged by 
substituting Ba for Ca, or in 

the presence of high concentrations of Ba. Both 
I(CaT) and I(CaL) 

exhibited reduced inactivation after high 
depolarizing prepulses. I(CaT) 

was found to be sensitive to dihydropyridines: 
1 -mu-M nifedipine decreased 

this current while 1 -mu-M BAY K 8644 increased it; 
this occurred without 

significant variations in the steady-state inactivation 
curve. I(CaT) was 

more sensitive than I(CaL) to ***alpha*** - 
***]*** -adrenergic and 

P2-purinergic stimulations, while I(CaL) Was more 
sensitive to 

beta-adrenergic stimulation. Isoproterenol was still 
able to increase 

I(CaT) in the presence of high intracellular cAMP. 
Both currents were 

increased by 1-mu-M ouabain (although I(CaL) only 
transiently) and 

decreased by 10-mu-M ouabain. It is concluded that 
the two types of Ca 

channels can be observed in bullfrog atrial cells and 
that they are 

specifically altered by pharmacologicai agents and 
neuromediators. This 

may have implications for cardiac behavior. 
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AB ***Calcium*** ***channels*** mediate 

the generation of action 



potentials, pacemaking, excitation-contraction 
coupling, and secretion and 

signal integration in muscle, secretory, and neuronal 
cells. The 

physiological regulation of the L-type 
***calcium*** ***channel*** 

is thought to be mediated primarily by guanine 
nucleotide-bmding proteins 

(G proteins). A low molecular weight endogenous 
peptide has been isolated 

and purified from rat brain. This peptide regulates up 
and down the 

cardiac and neuronal ***calcium*** 
* * *channels* * * , respectively. 

In cardiac myocytes, the peptide-induced 
enhancement of the L-type calcium 

current had a slow onset (half-time approximately 75 
seconds), occurred 

via a G protein-independent mechanism, and could 
not be inhibited by 

***alpha*** ***]*** -adrenergic, 
beta-adrenergic, or angiotensin II 

blockers. In neuronal cells, on the other hand, the 
negative effect had a 

rapid onset (half-time less than 500 milliseconds) 
and was observed on 

both ***T*** - ***type*** and L-type 
***calcium*** 

♦♦♦channels*** . 
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AB In the first part of this study, we show that sDHPR 

and pDHPR preparations 

reconstituted into lipid bilayers formed on the tips of 
patch pipettes 

exhibit two divalent cation-selective conductance 
levels of 9 and 20 pS, 

similar in single-channel conductance to VSCC 
reported in a variety of 

intact preparations (see Pelzer et al. and Tsien et at. 
for review). The 

larger conductance level is similar to the VSCC 
identified in intact rat 

t-tubule membranes and described in sDHPR and 
pDHPR preparations, and 

shares many properties in common with activity 
from L-type VSCC. It is 

sensitive to augmentation by the DHP agonist 
(+/-)-BAYK 8644 and 

cAMP-dependent phosphorylation, and to block by 
the phenylalkylamine 

(+/->D600 and the inorganic blocker CoC12. Its 
open-state probability and 

open times are increased upon depolarization as 
expected for a 

voltage-dependent activation process. Upon 
depolarization beyond the 

reversal potential, however, open-state probability 
and open times decline 

again. A reasonable way to explain the bell-shaped 
dependence of open 

times and open-state probability on membrane 



potential is to assume 

voltage-dependent ion-pore interactions that produce 
closing of the 

channel at strong negative and positive membrane 
potentials. By contrast, 

the smaller conductance level may be similar to the 
10.£pS t-tubule VSCC 

described by Rosenberg et al. and may best be 
compared with *++T*** - 

***type*** VSCC. It is largely resistant to 
augmentation by (+/-)-BAY K 

8644 and cAMP-dependent phosphorylation or block 
by (+/->D600, but is 

sensitive to block by CoC12. Its open times and 
open-state probability 

show a sole dependence on membrane potential 
where depolarization 

increases both parameters sigmoidally from close to 
zero up to a 

saturating level. Both elementary conductance levels 
do not exhibit 

significant inactivation over a wide potential range, 
which may suggest 

that skeletal muscle VSCC inactivation is either 
poorly or not 

voltage-dependent at all. This possibility seems in 
agreement with bilayer 

recordings on reconstituted intact t-tubule 
membranes and voltage-clamp 

recordings on intact fibers. It supports the idea that 
the decline ofCa2+ 

current in intact skeletal muscle fibers may be due to 
Ca2+ depletion from 

the t-tubule system and/or to inactivation induced by 
Ca2+ release from 

the sarcoplasmic reticulum. We consistently observe 
two conductance levels 

of 9 and 20 pS, either singly, or together in the same 
bilayer from 

solubilized DHPR samples and even highly purified 
DHPR 

preparations. (ABSTRACT TRUNCATED AT 400 
WORDS) 
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AB Voltage-dependent Ca2+ channels are classified 
into L-.N-, and ***T*** 

- ***types** + . The L-type is sensitive to organic 
drugs 

(1,4-dihydropyridines, phenylalkylamines, 
benzodiazepines, 

diphenylbutylpiperidenes, etc.) and the N-type 
(occurring on neurons) is 

blocked by the peptide toxin .omega. -conotoxin 
GVIA, whereas the ***T*** 

- ♦♦♦type + ** (occurring on neurons and, for 
example, heart cells) is 

not modulated by 1,4-dihydropyridines but is 
inhibited by gallopamil, 

cinnarizine, and amiodarone. Purification, 
reconstitution, and molecular 

cloning of an essential (drug receptor-carrying) 
constituent, the . 

♦♦♦alpha*** . sub-unit, have been 

achieved with 'L-type' Ca2+ 

channels from skeletal muscle transverse-tubule 
membranes. The . 

♦♦♦alpha^ . ***1*** subunit is believed to 
play a role in 

excitation-contraction coupling in skeletal muscle. 
L-type Ca2+ channel 



activity in situ is regulated by hormone and 
neurotransmitter receptors 

indirectly via second messengers (cyclic adenosine 
monophosphate) and 

perhaps more directly via guanyl nucleotide signal 
transduction proteins. 

L-type Ca2+ channel . ***alpha*** . 
polypeptides similar in 

size to those in skeletal muscle have been identified 
in brain and heart 

membranes, but information on their primary 
structure is not yet 

available. Structural characterization of N-type 
channels is just 

beginning, and no structural information is yet 
available about ***T*** 

- +*+type*** Ca2+ channels. 
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